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de  I'angle  sup*rieur  gauche,  de  gauche  d  droite 
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-"ri"'-'''l    I"    I'l-    "'    llM-llialu-   .Tl-m.      (ii-..i.  ^;;i.|-    Ii:i\f    Ii;i,l    lit! 

'l;lli'ii'i\  1!"  .iini'iin-  A  iii.i-iiiaiic  uriu'iti  l^r  .Ii'i^^mn  in  wliii 
tlie  I'lf  iiiiiii'i.il-  ;in'  .il~M  I  .iiKii'iii  T'i.k  P  ■lining;  iii;iirr.iN.  -lu 
;i-  til.'  iiMii  ..I,-  ,l,i,MMt~  (  )ii  ilic  ..•!kt  li.iii'l.  ;!ii':v  !;;u  hci 
1h'-i1,iiu  \  ,11  ;ii ,  i-pliii:,'  a  likt'  ..ri:;iii  i'.  ,r  ,lc|„.~i;-  in  uliii  li  -lie  ,,i 
liniuT.ll-  an-  iMl  I. .111111. Ill  :i,  if>>.  TV  iiiiiu-i.iN  ^.t'  r-ck-,  -tuli  ; 
-I'lplK'li--  I  'T  'In-  ri'a-.ii  ilic  ^iiillinis  .li]i.i-ii,  Ii,i\c  .inr.acii 
iti'Ti'  ili.iii  n-ii.il  iiiiiTi'-t,  ,111  in!tTi'-!  nu  ri'.i-i'd  I>v  ihc  fact  tli, 
ilii'-c  ■>rr  Ii.iilu--  (■..n-ii!n!f  ihc  -u-.iic-'  in.  kfl  .1i'|mi-!I,  in  t] 
«"iM.  .aii'l  l>cc.iii-i'  li.ith  .1  iii.il;iii.ii;c  aii'l  !iMlrMiluTiii;iI  ,.n';,'i 
Iia\r  iH-t-n  (I;iinu-il  !"■  t  ilicin,  (  "i  ■n.-i.iiT.iMc  c  .n:r.  .Mr-i.il  liter; 
nu\'  lia-  ;i|p|ii'aic.l  tiii.iii  ilic  -nlijiM  i.  .iin'i  ri'ii-iit  r.inti  ilniii.iii-  ind 

r.ltC    ih.lt     llu-     -llhuit     ..f    'Tl-Ill     will    \<V     n-.  .]i<-llr.l     willl     I(.-lli-\M 

\  li;'  iv. 

|',,r  ih.i-c  -(■.,]. .L;i-1-  uh.-c  ticM  c\|iitr  lur  df  tlii,'  Siidhur 
iTf-  1-  liiiiii(.-il  (T  I.aikiiiL:.  IJH'  iii.Ti'  .If  ](■--  ..|(|).  ..iiiL;  ,arr;iy  < 
]>nMi-Iifd  fad-  .and  c-.  .ii,In- .  .ii-  ..iut  infiknl' \  f.  .p  ;i  vk:\ 
iiiidiT-t.iiidin.i,'  i.f  iIk'  i.ri-iii  .if  ilif-i-  dip.  .-;i-  ;iiid  ..f  in,ij,aiiati 
.'iulpliidf  (k'p.  .-it-  ill  ^viKT.il.  'Ilic  writer  l"md>  liiiii-i'lf  in  tlii 
cl.i--  .'t  ,L;c..l'.L;i-t-.  .and  in  ,in  .al'diipt  !■.  il.aiifv  lii-  mind  ii|i" 
llif  -iiliji-.-t  iiuc-t'u.iti'il  llie  li'ci.iMiic  ].,  rl.ainin--  t.,  tlio  dcpM-i; 
and  siiidifd  Siidlmry  r^ik-  ;ind  crcs  liy  mean-  ..f  thin  sectiun 
and  |,..li-]ud  -].rniiu-ii-.  In  tin-  iiu  .■-ti-.ai:.  ,n  v.vvv  ciu-Miinicrei 
i-iT-t.ain  loiiiln-Mii-  -ii|i|..  irtiMl  liv  c  .nvinciiiL;  cv  idcnce.  and  al- 
nppii-m-  CMiudn-i..n-  -nppMned  l,y  f(|n.illy  i.-..n\  iiirin;;  csidcnci 
WInTc  the  -ni>p.Ttin;,'  evidence  f .  t  l- iih  -ide-  is  -trnnj^.  it  i 
rather  siio-e-li\  e  th.it  ,a  m.Te  enrreet  c  .neln-i.  .ii  wmld  lie  nn 
whieli  includes  -■me  -f  the  evidence  i)re-enled  hy  each  side 
Such  a  CMncln-i..n  Ji.i-  Keen  pre-ented  hy  ( .ne  in\  e-li','at.  ir.' 

A  ni'MJilicatiMn  >>i  tin-  cnncln-iMii  is  presented  hy  the  writer 
and  it  i-  K-Iieved  th.it  it  is  -iip|MTte,l  i.y  o  nvincin-  evidence  oi 
hnth  side>  and  meets  -,,me  .if  the  .  .hjecli.  .ns  .id\anced  hv  dift'eren 
invcstii;at"rs. 
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.\t  ii.u.ii  i\  oh'i-.  /'//'ov/zv,  Mi'Hihi ,  <>\r  vij 

1  If  I  II    K'l  I   \  I  Ii  iNS 
HI  PI   K    I  I  iKM  \  I  liiNS, 

SiiKi-  a  kii->\lc.luf  -i'  llic  liil.l  n-laii-ii-  .'i  the  S;i.l!ii!i\  ii'i;;^  ;•. 
i-  iiicli-iifii-aMf  t'T  an  lunlfi  ■•ainlin;;  iit'  ulia!  i-  I  ■  I'.lliU,  a 
liiifi'  -uiimiiiv  i'i"'ii  llif  wmImil:-  "I  iii"-f  wli"  li.i\f  w^'ikfl  iiim-i 
;:'  till-  I'aM  i-  jiU'-iiilcil  -' 

'I'lif  t''iniiati..ii-  ■■!'  till'  Suillmrv    n:;i..ii  i  ■  ■rri--ii"nil  i^  a  ^rint 

>| II  Willi  il>  |i"iiil  I'l  tile  ^''iilliui  -I.      ll^  li'iii;tli  i-  al>"iit  tlnrty- 

^ix  iiiilc^  ami  \\;illli  ali'iiil  liflt'iii  iiiilr~  llu'  iciiirr  "I  ilic  -jmhiii 
i-  n(.c-ii|iii'il  l>y  ii.iH"  1  I'lci  Mt  vaiiil-ii'iic-.  ^lialc-.  aiiil  d .ii^lniiicratL'S 
■  't  ii)i|icr  lliiiiaiian  aL;o,  '1  lir  rim  "l'  tlii-  ^i>'"'ii,  \ar\11114  wiiltli 
fiipiii  (iiic  1.1  t'l'iir  ;ii:lf-,  i>  what  ('•'UMiiaii  lia^  liiiiu'il  ilu'  "  Xuki'l 
l'.iii]i'i\  I'  "  ■  1  lii-  :-  an  intiii^iv  r  ina->  i  "ii-i^lini;  "I  ii'  ii  ;tf  111  i[> 
"HliT  iiiar;^iii  ainl  L;iailini:  iiU'>  iiiu'i  "|ifu;!iia' iir  in  ii-  iniu'r  am! 
ii]i]nT  iiiar,L;:n.  i:  i>  with  llif  "  ni' ki-1  iMii|n;\t'"  iliai  tlio  nii' 
li'"ln'>  ail'  ni^ni'  "T  h--  ilm-iiK  a--' 'i  laicl 

'I'Ik'  ^i II  ri--N  "II  a  i;rfal   iliiikiu'--  "\   ipri-a '.niiliriaii  r"^k^ 

made  lip  ..i"  a  iiv-tallnic  ,L;r"ii|i.  larL;<.l\  (.iii|ili\  c.  "i  Krcwa'.in, 
I  iri'iu  ilk',  ami  I.aiircntiaii  a,L;c,  ainl  a  -iTic^  nf  •.ctlimfniar\-  r'H'k-; 
liiiflly  c|tiarl/!U--,  wliicli  (  'I'ltniaii  ha-  itrnn'i!  the  >uilli\irv  -crii.'-.' 
riu-ir  ihukiif--  i-  (.■-timaii-il  I'l  he  ^^(i.ooo  i^■l■^.  iiulndi-il  within 
ihf  Siiillniry  ^crie^  arc  many  ha-ii  irii|pti\  i'~  C'lii-i-tini,'  I't  }.;alihri\ 
it"ritf.  and  ,L;ri'i'ii>t"iR'-  made  fri'iii  ha-ic  eriipti\e-.  Ci  ileiiiaii"* 
al-'i  itii'Iiide-  in  thi<  -crii'-  acid  i'ril]iti\a'-  mi"  cnarse  ;,Maiiite-N\  eiiite 
and  Lrranii"i(l  L;nc;->  whieh  lie  direi  iK   under  jiart  .if  ihe  rim  "i 

iMrite-micr' ipe^iiiaiiie  I'li  the  -'lUtli  -ide  mi'  the  -.| n  and   i"rm 

a  f .  iMt  wall  III  the  nmite  and  -nme  ni  the  ure  Icidie-.  The  imrth- 
ei'ii  half  iif  i!ie  "-i^Hin  and  'he  >■  iiitheasterii  ed'^e  'if  the   I. 'user 

-];.-irlii\v,  A.   I'...  tii.,1.  N|irv,  I  ,111  .  Ami.   K'r|i  ,  \',i!,   14.  p.ir!   II.  I'^ca, 

Coleni.in.  A.  1'.,  " '1  lu-  Xiikil  liiilii-tr>,"  1  .111.  I)i|.l.  oi  Mini  v.  Mines 
Ilr.iiicli,  Nm.  170.  11)1.1. 

Kni^lit.  i'.  W.,  "  I  iriuiii  lit  i!n-  Siiilliiuv  Xukil  1  iiiinr  I '^p■.^it-."  I.H'i. 
and  Mill.  Jititr.,  \..l.   Iiii.  |i.  .'<ii.  iiiUi. 

."^ii'  :il>^o  ui'iilMiiic  m:iji>  .iC' 'minnvitu,'  ( '.ilcni.in's  ripurt. 

'•  "  Till-  Sllillniry  I.ai'cnlitliic   Slii'it."   J^iiir.  (icol..  \..l,    i;.   p.  j;j.    1.^17. 

*  ■' The  Niiktl  Indn-tiy."  (,  .ui.  iHpt.  .ii'  MItu-.  Mmr,  r.r.uuli,  .\-.  1711, 
p.  6.    T'll.l. 

■  f'/-.  III.,  p.  8. 


>'it  .11  I  \  M.  rill  M  t\ 

lliir.  piiiaii  ail-  iiihlriLiiii  Ii\   -i.iti;ic  ljihi"  .m.]  li.  ■!  nliU'ii.lc  ^i  li 
"f  f.:mrciitian  a-c.  inn.  li  ..Llcr  lliaii  the  n:.  kcl  ri  n|ili\  «.•. 


>  I  1(1   (    I  I    K  \l      HI  I    \  I  l(l\  >    (i|-    1(1)1   K<. 

I  lie  -ciliiin'iit.ir^  ami  in.  Indi-il  «rn|.ii\c  r-.k^  .■!'  llic  Smlhi: 
ii't;:  '11  all'  ."ii.ln.lnl  li\  l'..irl"\\  ami  (  '.Icni.iii  I..  Iicl.ins^  |.i  t 
|>rf  I  anilin.in  i  '■1cm. in'  il.i--irii--  ilic  ■•Mit  ;:r.'cn>t.  .nc  i 
;;r«(  II  mIi'-i--  a-  Kii'w.iiin  ;  tin-  ...av-c  while  ijiiari/ii.'-  an.l  ti 
;.;ranic.I  ;.'.im\  ;.;tuM-~  a>  '  irfii\  illc  ;  ilic  Sn.lliurs  -i-rii--  a^  pr^lial 
carlu  r  ilian  I.'.ucr  llnr.in.in;  ilir  '^rax  w  .nke  an.l  c  .ni;l' iinor. 
a^    I, ■'WIT    Ma!. lie    I  liir.'iiian  ;   an-l    ilic    -an.l-!  mic^.    -late-.    Int 

an.l  (■..ni;liitiuTaii--  wiiliin  ilu-  -i n  as   I'|i|mt  llni-.iinan.     '1 

;,'raiiin\-  r. .,k-  at   ihc  -.nthca-i  cl-c  ..I   tin-  Su.Jl.nrv  -iTii--  a 

lli"-f  -ni  T'iIIImImii;  iln'  ni.illiciii  iiali'  "i  ihc  -| n  ;\vv  .■.ni-iiKr 

1>\  Iniii'  !•■  Iif  l.anicn'ian  an. I  .nMn-;\c  int"  llic  Sii'l'.niA  Imi   i 
i.j.lcr  llian  ilu-  -cliimiii  -  an.]  'lu-  nu  kcl  iMn|.ii\i'. 

In.lii.icl  Willi  the  l.anta'iitiaii  -ranitic  vck^  is  the  jjrainti'  ar 
ni  tile  \u;ii:t\  ..f  tin-  (  ■ie):.;!it' ai  iniiu'  n)i..n  w  huh  the  nicl 
eni;'ii\c  i-  i>ie-iiinr.l  t..  lia\e  le-ii'il.  <  ..h'liiaii"  Ci.n-aler-  t 
>niall  aifa  ..f  L;!ani'e  hetweeii  the  Mmray  ami  I.iltlc  S|..liie  mil 
ti.  lie  later  'liaii  the  iiukel  enipiive  anil  reL,'ar.U  the  iT(i|)tis 
within  the  Sii.lhnrv  -eiie-  a-  heiiiLT  in  part  ..Mer  ami  pan  \..iint; 
than  the  nirkel  enip;  \\  i\ 

I  he  nickel  crnpti\c  i-  nitrii-i\e  int"  all  ..f  the  -cilinicnta 
r.ick-  anil  i>  rc^^'anlcd  l.v  • '. 'lemaii  a-  later  in  a.u'e  than  the  .i,'rani 
rock-  which  f..riii  its  f. .. .twall  di  the  n..rtlierii  an.l  a  part  nt  t 
^.  iithern  -iile-. 

I\ni.:;ht'  ha-  in..re  rc.eiitly  sh..\vn  that  the  },'ranite  l'.... twall 
the  m.rite  .in  the  -until  -iile  >'i  the  -p.u.n  i-.  n.it  ..l.ler  than  t 
)i(iri;e  hilt  i-  iiitrn-i\c  int..  it. 

(    ilem.ati'"  heli,\c-  that  the  nickel  eruptive  wa-  iiiirmle.l  in  t 

•■  (  V   .  it .  p.  5. 
■  ",'■.  .  t:..  11,  .^■. 
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■'■■llrmiii    i.f   llii     .•-ii,ll,ur>    Niik.!-. 'ipix-r    I  )c|,i  i-.i-."    /:,,■,,,    „«,/    .1/,,;.   Jo, 
\'  il.  mi.  p   ."^1 1.  I'lKi, 
'■'  lilt-iii    ]i.  It: 
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f..rtii  .if  .1  yrt'.i:  -ill  U'Iaiiii  :lii.-  .iiii  iciil  -uri.itc  "t  tin-  "i.lii 
r^Kk-  .iii'l  il'»'  I>.i-.tl  ."iiiilMmi-rati'  ..f  tlu>  ..vcrlvmi;:  I  liir.iii.in 
-iTii'v  'Al.i.h  n.i«  i.rrn|.;i--  tin-  miUci  "I'  tin-  -Im.uii  \IU-i  tin- 
ir>k.:  .iiiiiiivi-  rt.-uliol  its  rc-tin^  i>!.ue  it  i-  ppAol  |..  Ii:iw 
iituiciU'iu-  .lit'fiTc-iitinti'-n  iti  ^iiu  ii-Miltiiii;  m  lt^  lower  mitev 
fil;,'i-  in  .1  ii.'iiu'  wliiiii  i;i;i(li-i  insciwiMv  into  iiiiir<)i»i-t;tii.ititi'  \u 
■■-  ii|,]MV  iiiiuT  c'l-r  1  ;rM  relations  -h^w  llj.it  tlinv  .iri-  muulilv 
;  p.irt-  .K  ill  i".k  !■■  -•  I'l"-  I'.i-'i'  r'H-k  ' ' 

l.;ilfr  than  tin-  imki-l  iiniiiiM'  an.l  rriirc-i  n;  iiil;  llu'  lal«-l  [iIli^c 
..f  i;^iir-ii-  roi  k  pr  .ii'"f«  in  tlir  rt'ui.  ii  :iic  imtiiii  -ii-  I.iiu<'  'l-i 
li.iM'  ilikf-  uliirii  .III   till-  noiitc  an. I  ..!.■  1.  ..lie-'-  aii.l   arr   I'i.  in 
-i'l\  (•-  lilt  Ii\    "lliall  ■,■;  an'i-  ,l;ki- 
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Tlir  ..r.'  .li|...,i!>  at  Sn.lKiirv  liaM-  I-n::  I'l-m  \\..rk<-.l  t'..r  llirir 
nicki-l  .and  i..|(|kt  i-.titiiit.  In  adiliti.'n  iilaiinmn  aiul  -tnall 
ain..iiiil>  ..|'  -;i\rr.  u..M.  ami  iialla.liirn  au-  \\..n  ir  .in  t!u'  ..ri'-. 
anil  irridiiiin  and  .-ininni  lia-.  c  al-.  >  ln'cti  n..ii-d  I  lu'  ^anu'iii'  i- 
till-  i-inl.  .>m},'  r.  .ik~. 

Tilt-  Sndl.nry  di-irul  i-  the  -.  .nnc  ..f  tlii'  \\..rld'-  -rt.alf-l  nukid 
■.n|i|>I\  and  i-  aN..  an  iin|)- .rt.ni!  pf.  ..ln>i-i'  ..|'  i.i|.]ici-,  I  he  ]iri.-i'iit 
i>w  ii-~i-r\c-.  militate  a  -"i>|iiy  i'.  t  man)  \(ai-  t..  i  .tiii-.  and  dv 
\i-l..].n!cnt  anil  eNi)l.  .rat.  tv  work  i>  c  .ntnin.dly  i-xpoMn;;  im  .re 
..re  1>.  ..lif-.  I  ni.i.'Ltic  I',  .nditi.'ii'  indiiaie  t'l.ai  I'nime  w  .  .i  k  will 
a. Id  -really  t..  the  i>re-i-iit  ren-rxe-  -.  i  thai  a  1- .if^'  life  ina\  lie 
expeeted  f.  .r  tile  ili^triet 

(liaiihtir  of  (hr  H.ulit.w  S.  .me  ..|  the  imp.  .rtaiil  feature-  in 
aiiv  cii-iderati.in  •>(  the  ..ri.^m  ..1  the  Sndlmry  ..re  ilep..-it-  arc 
the  -liai)es  of  the  ..re  1>. 'die-,  their  p.  p-iti.ni  with  re-])i'et  to  the 
iiofite.  the  natnie  ..f  the  (..ntae!-  helween  the  oie  and  n.iiite,  and 
the  relati..n  of  the  iiietalhc  mineral-  t.'  earh  other  and  t.i  the  eii- 

o  (  ,,Kni,iti,  A.  r.,  .' ..ir  ,./(;,•./.  \..i.  I  =.  \i  rr-'.  ''":■ 

'-  r..Uin  in,  A.  1',,  ,./..  1 1.'     ;..  1 1. 

'■l'..r  till  1.1  ~l  ill-.  ri|>ti..n  ..i  tlii.-  ..rr  iK|:..-il-  ili.'  n.i.UT  l^  rifirr.il  t.. 
C.il.m.in,  .\,  IV.  ■■ 'I'lu  \!.kil  lTi.|ii~!r\."  Mim-  I'.r.in.  h.  N...  I,-".  T.jl,^  tr..ni 
v.liivh  till-  lU  ~iri|.ti..ii  ..f  llu'  ..ri'  l..Klii.--  hwl'U  Inn.  i-.  l.irKv'y  .Iraun. 
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lIi  i.^iiit,'  ri  i(k  iniiu-ral--.      It  i--  iiL-i,(.-^>ary  tlRTi.-l"rc  thai  tlK---c  If; 
tiiri'^  he-  rc\  ii-\\t<l. 

("■'k'liiaii' '  ili^tin.uiii--lK'-  twn  main  \arictic-;  "1  i  irc  Inulic: 
"  iiiar,L;iiial  "  and  ""llVct."  wliii'li  hi'  -uniniari/cs  as  fidlDWb: 

.M.irj;!i!iii  I  .11  i1i|i].iii,l:  tiiuard  the  axi^  nf  tlu'  lia-in.  urc-  with  cnii 
]Mrati\iIy  litt'i'  ruck  ami  UMri.'  iliaii  tuioi.-  a^  niiuii  nickil  a^  coppc'r. 

(^^  I'aultiil  niartjiiial — irrc,i;iilar  in  yliapr  ami  characti-r — usitall 
iiiiscil  witli  miuli  rock  and  carr_\  in:,'  a-  much  cmjiikt  a-  nickel,  or  Minn 
tinu^  ninrr. 

( tl'i'sits :  ( ,j  I  {".jannn  '  iil'lMi-.  rnULjlilv  c>  Ini'lric.il  Imdit-  nearly  \  c 
tical  and  .cnii;  tn  t;rc.it  dijilli-.  Ore  n-nal'_v  ricli  in  cii]i|Kr  and  tl 
priciiin>  nutal-. 

( /' )  I'arallcl  <iri'-<  1^  -nut  tilnnniar.  hut  --luu  like,  diiijiin;,'  inuar 
to\\ar(I  :hr  li.i~;c  cd'^^i'.     (  irc  like  tliat  nf  the  nMial  niari^nial  di|insit-.-. 

Miiiiiiiii!!  I >i-f^:'sits.-  ''V\k  iiiari;iiial  ilc'ii">it<  arc  kul-  •  d"  tl 
>ir;kinL;  I'lalnrr^  >'\  the  Sinlhiiry  di-trict.  'I  jicv  >K\'\\r  at  tl 
lia~;c  margin  id'  I  lie  nuriie.  ^n  that  the  ii.  irite  fnrni-  the  liaiij^iii 
wall  aiiil  the  adji 'inini;  cuiintry  ruck  the  im'twall.  '1  ];ey  rdl  d 
tiiuard  the  center  if  the  ha>in  a!  an  average  <•(  .^d  ,^5  .  The 
tlii(kiK'~-  \arie>  fruni  a  feu  {"  a  hnndreij  feet  nr  ninro  and  the 
]enL;lh  tip  tn  jiio  feet.  Ihiir  de]>lh  i^  a--  yet  iniknuwti.  Tl 
(.'re;j,;ht.'n  ore  Imdy.  wliicli  i-  the  iiin^t  im]i.iiiani  nf  thi>  tvpe  c 
(lejxi-ii.  ha--  heen  funnel  in  extend  ti-  a  de])tli  ni  at  least  QC 
feet.''  ("iilenian  ^l.ate-'''  that  the  nre  h' idles  may  have  a  distin 
fdolwall  nr  may  ]ienetrate  it  alnn^  fi-^-nres  and  enelii>e  l)Iiieks  ( 
it.  lie  ciin^ider^  the  haniiin^  \\all  tn  ineri^e  f^radnally  intD 
hieiidin;,'  nf  ruck  and  nre  talk'd  |)yrrhi  dite-ni  irite,  and  then  in 
ptire  tiiirite  \\i;h  ljlel»  nf  nre. 

llnwe'^  de-cri]>ti"n  nf  tlie  i'rei,i;hi"n  dil'fer.-  frnin  that  «>f  Cnl 
man's  in  that  lie  cnii-ider^  the  chani;e  fmm  i  ire  tn  iinrite  tn  he  Ic 
t:;radnal  and  the 

^radnatinn  tn  he  due  to  a  mechanical  mixture  (if  .•^nli)liidcs  ami  miri 
in  the  tran-iiiiin  znne.  ,inil  nut  in  a  ,1,'raduatMii  in  a  nnneralnirical  sen- 

'*  (.iileinan.  .\.  1',,  i  .ui.  I  ie[it.  Mnuv.  Mine-  r.r.eiih,  Xn.  i;i),  ],p.  34  ai 
;->*.  Mi.t. 

'"'  t'lilemaii.  i/-.  i  i!  ,  |..  J|. 
!■■■ /(/.■».'.  i'.  ,u. 
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In  all  ]pl:a-iN  wlurc  tran^ilicu  from  (ire  to  rock  i<  su|i|)c>-oil  tn  c\i-t,  the 
iMritu  li'-i  Irtu  cxtiiiMvil)  sh.i:tcriil  in  tlu'  iKi^,'liliMrlMiicl  nf  tlie  (iro, 
anil  tile  siil|iliiiK-N  a|i]ii-ar  tn  liavo  inin-tratiil  tlic  iioritc  aloii;;  the  cracks 
aihl  li^>iiri->  ^o  iciniud,  while  ani;iilar  I'raLjiiunl^  ni  iKirile  arc  iiicluilr.l 
111  till  ,~llll)liiilc~  cln-i-  tu  the  riick.  The  vemKt^-  ni  ^iiliihiile<  die  (Uit 
,i;railiially  in  the  iMrile  auay  frcni  the  nia^~i\e  (ire.  uhile  the  r.ick  Irau- 
nicnts  inclndeil  in  the  ~iil|ihi(les  hecunie  nunuTdiis  and  smaller  in  ~ize  a^ 
their  distance  irnm  the  haii,L;in>;  wall  increase-.  There  i-  thus  a  traii^i- 
tiuii  {rum  (ire  tu  rock  in  a  meolianic:d  -eii-v,  and  frnai  a  minini;  staiid- 
l><iiiit  the  exiire-Mnii  i-  in-titialee.  Neither  niei;a-cn|iically  imr  with  the 
aid  (It  the  niicrij^cipe  could  the  uritir  reroirnize  a  petroi^rapiiicd 
t;ra(hiali(iii.'' 

l-auUcd  Mill-  liiui!  / '.•/'.-.vZ/x.--  (.■(dctiiaii''"  ciics  the  Cr<.';iin  Hill 
and  (;ar-~('ii  miiie>  a-  (.•xaniiilc^  (if  tlic  faulted  iiiar^'iiial  dcpo.Mts. 
1  Ff  i-(>ii>idc-r>  ilic-c  til  lia\u  Kci'ii  foriiK'd.  or  ](i\l,'iiii,  as  tlic  ii.stial 
inarL,Miial  type,  "litit  later  faiilt.s  have  iTii-lu'd  and  split  up  the 
iMiiiitry  mek  and  the  ore  wandered  iiitd  the  fissures  lK-t\veeii  the 
hl'ick-.  either  at  the  time  a-  niclten  ^nlphide-.  or  later  thmngh 
\vater  lraii>p(  jrt."  Tiie  ere-,  are  rulier  in  e(ipper  and  contain 
nuich  (piart/,  carix  iiiate-.  .-phalerite.  and  L;alcna  "as  a  result  of 
eiretiIatin,L,'  waters." 

(Jffsct  ilrpi'sils. — The  (dVsct  dei-d-its,  as  delined  Iiy  Coleman,'" 
are  dike  like  ma^-es  of  ore  and  rock  that  extend  outward  from 
the  main  iiorite  m;i»  into  the  nndcrlyin<:f  older  rocks,  or  more  or 
le-s  separ.ate  bodies  ha\  inj,^  no  \i>ilile  connection  with  the  main 
iiorite  body.  'I'iie  columnar  olfVets  as  at  Copper  Cliff  and  \'ic- 
toria  mines  are  pii)cdike  bodies,  somewhat  resemblin.i,'  the  Kini- 
berley  diamoitd  i)i])es.  from  50  to  joo  feet  in  diameter.  In  the 
\  ictoria  mine  have  been  developed  to  a  depth  of  i.^fio  feet. 
Coleman-"  states  in  rcfjard  to  these  deiKisits, 

The  conteiits  of  these  iJijiediUxe  liddie-  ditl'ers  Cdiisiderahly  from  tllo>e  of 
marj^mal  deposits,  heini;  more  rocky,  a^  niiK'lit  be  exiiectcd.  .and  coiu.iin- 
injj  nsnally  more  copjier  ore.  ;is  well  a-  more  of  the  [.recioii-.  metals,  i,'olil. 
-ilver,  idatimim  and  palladium.  .  .  .  There  is  nsnally  more  evidence  of 
water  action  than  in  the  marginal  mines.  .  .  . 

•'II.. we.  Hrne>t,  I".i  u\.  Go.ii.,,  \'..il.  ■).  p.  514.   I()i4. 
"(>r-  at.,  p.  3S. 
■'■'  III,  "1.  p.  ,^5. 
-■'  IJcm,  p.  ,v. 
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Tlu.  ,aralWl  utN.Mlcp..~it^  ;a>M.n,  irregular  -lK.t.  .,f  ... 

„„1   ,„;..   n.u,l.lv  parallel  a.ul   .1,,,-.   t^uanl   the  -na.n  .. 
,,K.ci      MlK.van.  .r^'raolfr..nMla.  n.ntcl.y.alK.rP.ck., 

,:::"„.,  u.l,U.o.n,K.>t,..n  with..       11-1- lan,lM.b,c.n, 

arc  .■xaini'le--  -I  ll"-  'M'^'- 

,„■  ,i„  „,i„,,-,,U  that  c-uM-^c-  the  Su.Umry  ..r..  pyrrli., 
,,„,,,  ,,,vr,H.,an,l,,cu,lan,li:c  arc  ,lu.,r.-.nn,'T,am.  *,  . 
,,,,H,,au.  .^  alnuMam.  clK.V.ryru.  i^  -nnn.n,  ana  PC mla  . 

;,„„,,,,  ,,,„crc,l  ,hrnn,h  all  tlu-  .^r.  ,~  rarely  -cen  wuh  the  n, 
,,,  ■    ,  nluTnnm-raN  thai  ..vnrm^lK'.h^trui  arc  pyrnc. 

,:>,iu-  p..K.lvnntc,  uillcnitc  n,cc.auc.  ^cr-.L^imc  niat^m 
,;„„;h.,.„„.  ina.ncuc.  ca^^Lcriu..  galena.  .incl.lcn,k-.  .n..lv 
,„H,  „„1  M-rryhlc.  In  a.hlit,.  .n.  n,c  u-ual  .  .xah/cl  o  .,np., 
,,,•  .,,nH'  ..f  tlK-c  nihicral-  arc  l-hc  l-un.l. 

Tlu.  pvrrh.  .mo  ,^  ui.lcly  ->  al.crcl  >hr.  .n^h.  .U  ,hc  n.  .rue  u 

.li^tru-l  an.nnakc^  np  the  ,rcaUT  pan   ,,f  the  ^re  l....hes. 
,i„K,telv  a.h.nxcWvuh  it  arc  ehalcpyrnc  and  pen,lan.htc. 
,,„!,,  :pvrnc  n,av  rea,lily  he  ,hMn,,n:-he.nn  the  ..re.  and  hni 
,,f  ,,,,,,, an.lne  n,ay  ..oaM,.nallv  he  .li.-crnc,l.  ahl..u,h  K  ,. 

allv  revealed  ..nlv  hv  mean-  ni  the  niier.  .^c  .pc.  AH  -1  the 
nnneraU  arc  n„:rc  . -r  !c^~  rare.  The  pvritc.  galena,  and 
hl,,„l.  arc  nM.allv  a.^nciated  wuh  -jnartz  an.l  carl...nat. 
o.nnn..nlvnceur  in  vein,  which,  ace.  .rdn,^t..r,acnun.-  ar. 
„,,ntluMnain<.reh..d.c..  'Ihcy  .  .ccur  in  the  ntNct  dep.  .m,. 
than  in  the  niar^iinal  ..re  l>..die-. 
PKrVlufs    VIKWS   OF   TIIF   OKIUX    CP   JUV.    <VUV.VRX 

The  .cicntifu-  interest  attached  t,.  the  celel.rated  Sndhtr 
n,,,n.  ,~  ,h.c  n..t  ..nlv  t-  their  unique  character  hut  tn  the 
le,n  ..t  ..riLTUt  thcv  present.  T-ccau^c  ..1  thcr  cinplcxity  t 
..,-unrc  cnccrninu  then,  i^  vnluminnu^.  The  previous _r 
.rat..r.  tnav  he  divi.lcd  hr..adlv  inf.  twn  ,ch..ui>  •those  ta 
.,n  ..ri.MU  hv  means  ,,i  l,ydr.  .thermal  a-cucic^.  and  thn^c  h; 


■-:  (It.  Ot.    1>.  -,"• 
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,  ,,t  imrit'- 
;Lin  imri'.c 
rdck^  ami 
.  ibic  iiiine-^ 


liyrrli'ituc. 
(  )t  ilu'-c 
K'litlaiiililc, 
h  the  naki'd 
ivrite.  niar- 
niai^netiic. 
;.  in"!yli<K'- 
i',  .inp'itinil' 

i.  .ri;c  ni  till' 
>.  ..lies.  In- 
luliic.  Tlic 
mill  liuiH-hcs 
•j\\  it  i^  tiMi- 
,,(■  the  I'tluT 
;i.  anil  zinc- 
rtx.nate  and 
n.-'  an.'  later 
epii-iis  niiire 


I'.rKV  I  iRI--^^. 
Snilliury  de- 
Xn  die  pr'ilv- 
lexity  the  lit- 
vinus  inve-ti- 
lose  favoring 
li,  i.c  liy  niaj,^- 


nialic  d;ri'erentiati"n.  Seine  nMdilira!i"ii>  <•{  li"ili  liy])Mihc^es 
iia\e  I'een  advaiu'eil.  It  is  inietided  here  t"  nientieii  the  \  iew.s 
peilaMiiiii,'  \i'  the  oriL;;ii  el  tile  Snilhury  de|H  '-its,  :■>  outline  lirietly 
the  mere  i\'rfiit  tlieeiif-  and  then  te  di^iti--  them  -epaiatelN . 

TIk-  earlier  \ie\\-  ha\e  been  >e  i-\eellenily  ~nnimari/ed  hy  A. 
I'.,  r.arlew--'  tliat  it  i>  neee~-ary  enly  to  refer  te  ilicm  withniit 
further  di~ru~-ien.  I'.arlew--  st,iie>  that  the  llr-t  in\  e-ti.i;aters. 
<  "el  his,  Merritt,  and  I'.eU.  a^erihi'd  a  li\d  ret  hernial  eri-in  te  these 
de|ie-u>;  the  -aiin'  enoni  \\.-,-  adejiteil  later  1>\-  I'.inui'  n>,  Ihi-Ii, 
Ar,L;aIl.  and  ether>. 

I  he  lir-t  te  ad\eiate  an  i,i,nieeu-  erii^in  fer  ih-.-  Sudhur\  de])e■^- 
ii-.  wa^  r.arlew,  and  -eiin-wh.at  later  \  e^t  advanced  a  -unilar 
eriL;in  te  exiilain  the  XerweiLjirni  depe^it--.  Since  that  time  I'.ar- 
lew'-  \ic\\-  ha\  e  U-t-n  advocated  li\'  Adam-.  T.rewiie,  Kemp, 
Walker,  and  etlicr-.  In  later  years  Celem.in  lia>  carried  on  e\- 
len-i\(;  Work  in  the  Sudlmry  di-irict  and  i>  i>erhap-  the  -tren^;e-t 
;id\ecate  of  ijic  \  icw  -  of  l',;irlo\v.  Wiieii  l!;irlo\\\  explaiititien 
of  theeiiL;:n  of  [\]^■  Snilhnrv  ijre>  a])peared  it  \\a>  widely  ;icci-])ied. 
and  lie  di--.cntinj;  oi)inioii  .appeared  in  the  literature  until  11)03 
when  ( '.  W".  ]  )ick>en-'  .attacked  the  igneous  orit^in.  IVeiii  a 
-tiid\'  chielly  hy  means  of  tjie  niicro-coiie  he  ce\cludeil  tliat  the 
-•uliihiiie-  Were  depo>iti-(l  from  solution.  A  similar  stmly  letl 
IJeck-'  to  till-  same  cenchisio'-,.  T,;iter  ( ',ini])hell  and  Kiii.i;ln-"  in- 
\  esti^'.ateil  tlie  ])rel]U'm  hy  a  mctalloijraphic  study  and  supported 
]  )ickson's  views. 

In  11)1 1  F.rnest  Ilowe  and  J.  1).  Irving  visited  the  .'^txllmry  re- 
gion, the  fornier  making  a  second  Irij)  in  H)I.V  .*^ome  of  Ilowe'.s 
oh  erv.itions.  with  which  Irving  is  in  agreement,  were  published 
in  ,an  article-'  in  which  he  .advocated  a  moditicij  igneous  origin 
for  the  Sudbury  ilc])osit-..      In  ii)i6a  i)relimin;iry  article  ai)iK'ared 

-'-  luDN,   (jlr)I..,   \'..\.    I.   p.   ^54,    I'll/). 

-'•  /i/.'w,  [1.  .):'i. 

-'■■Tlu'  Ore  D.ii.i-iK  -f  .sJinllairy,  (int.,"   7",  ./.  /.  M.  /;,.  \",.l.  ,u,  IM'.   I  <J.s, 

'-'•"  X.itiirc  ni  lire  rK|ir..it<."  p.  41,  Kjfj.i. 

-''• "  MiiT'istriuiun-  ct  Nickilliftrous  I'yrrlii.litcs,"  F.CdV.  rinii.,  V^'l.  j,  p. 
350.  I'xi;. 

-'"I'inV.    Gliil..    \'..].    IX..    p.    =11.^.    I')14. 
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])>■  (".  W.  Kni^lit--  in  uliicli.  a--  a  rc-nlt  •<{  cxlcnsivc  I'lfM  \\>^r\ 
Avw^  tlia!  till.'  a,t;u  rt'lati'.ti-  '<i  -ninu  ..f  llic  imni-ivc  mcks 
ililkTum  fr-iii  ulia!  had  liitluTti)  hccn  cmi^iilcreil,  and  he  < 
rhidr^  \\w  i.rf>  arc  "i  IiydrMtlierinal  liri^'in.  The  latent  pi 
rail' 111  di'alin;;  with  the  Sndlniry  de])M>it>  i~  that  li\-  TMhiian 
Iv">:ci--.-'  in  which  the  Mie^  are  helieved  I'l  lia\e  hren  f.  .r: 
In  reiilaieiiieiii  '>i  the  iU'riie  hy  the  actiMii  df  "  inineraHzer-." 


'ii  ri.iM-:  (ii"  K'l;,  i:.\[-  \ii:\\s  ni   iik'h.ix  mi-  .sii)i;n<\-  oi 

I  r"in  the  "iithne  ah"\e   it  may  he  -ecu  lliat  tile  \  iew->  d' 
"ri.um  <ii  the  Sndhnry  Mre>  are  (■■ 'iillictilli;-. 

I>iek-..ii  ha-ed  hi^  idea>  "f  a  liydr.  itlierinal  "riL;in  ehiellv 
the  iiiicr.  .M-.  .pie  relaliMns  ><{  tlie  ere  and  n  .ek  mineral-,  lie 
laiiied  -peeinien--  t'r.  im  a  lar^e  nnmlier  mI  illc-  mine-,  all  'ii  wl 
~li.  .wed  a  hreeciaied  eharaeter  Im  nh  ■ 'ii  a  lar:;e  scale  and  mi. 
-eM]iic.  in  wliiih  the  >  >re  "■  |ire\  ailin,i;l_\  neenrs  a-,  a  cement 
hrecc;aied  r^ck  t"ra.L^inent-  ami  -dV'Wii  -hear  plane-. "■'"  He  fu 
that  the-e  inchideil  r^  ick  I'ra.Ljment-  were  free  fn>m  i  .re  e\cc[) 
'.  eiiilcl-  cnttin-  acn .--  them,  and  in  L;eneral  that  the  .sulpli 
were  ntn-t  alnindant  where  the  enclM-in-  r^ck  wa>  nm-t  eru-1 
'i  hn-.  hi-  CMiicln-inn  i-  that  the  -hearin.L;  and  hrecciati'Hi  t 
place  pre\iMn-  Im  the  fi  .rinatii 'n  ni'  the  ^re  1m. die-  jjn.per. 

Micr.  i-c.  .pic  w..rk  led  him  t..  c.  .nclnde  that  the  ,-ulphi 
had  replaced  the  r.  .ik  mineral-,  particularly  ]iyr(.xene  and  h. 
hleiule.  and  that  in  -..me  ;a-e-.  a-  at  the  M..nm  Xickel  m 
|)-end..m.irph-  ..f  sulphide-  at'ter  In  .rnhleiide  ocenrrcd.  ' 
micr.  .-c.  .pe  al-..  -h..wed  that  metam..rphic  ehan<,a'>  and  de\el 
mem  ..f  -ecndary  hi.rnhleiide  are  m..-t  marked  near  the 
iM.die-  and  dimini-h  aw.ay  fri.tii  them,  and  that  the  m..re  ci 
plete  the  alter.ati.  .n  ..f  the  nuk  the  nn.re  cmpleie  h;is  hcen  it^ 
placement  hy  -nlphide-.  lie  t'ciind  that  the  -nli)hides  tend 
'.eenr  in  c.  .tinecti..n  with  the  tihr.  .n-  mineral-,  and  ainnjj  plane? 
we.akne--.      I'r.actically   all    ..f    lii-   micr. .sc  .pic    work   stiijf^e.s 

-"  F.ll;].   Jl:,l   Mill.   J. 'III-.,    \.,].    I., I.   |,.  X,],    ,,,,('., 

-""■  M.iKiii.iiic    .<u:|.hj,l.-    I  Ir.s."    I., ■Kind    Si,iiH'..r.l    l"ni\,r-iiy    I'liMi.-ati 
I'lKi, 

■•"  I  lirk-..n.  I  '.  W..  ,./■.  ,  i'/.    p.   --'I. 
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that  till-  ~ul|.lii(li--.  arc  ilfcidciUy  I.iut  than  the  n 'ck  ininoraK.  Ixit 
ht  t.  itiiiil  a  \i.T\  -.iiliordiiialc  aiiiwunt  i>i  [a  rrh' 'titf  whicli  he  Vxik 
t..  I.C  .'11  t.ri-iiial  c'lii-tiliu'iit  .•!  the  r.  n.'k.  Ik-  aK"  cik-IikIciI  that 
ihf  niai;tu-tito  h'.Id-  a  (lilTcri'iit  rclatii'ii  t"  tlu-  ruck  iiiiiicraK  than 
t"  ihe  ~iil|>lii(Ic-..  al\\a_\>  ht'iii^  111  iii"rc  ■  t  1i.'~~  f  iiimli'il  ^raiii-  in 
(lark  r^i  k  iiinicraU  ami  i;i'iK-rally  iiriiiiary. 

1  )uk-i'!i  ii"iiil-~  "!i;  that  ilic  ihalcupyriti-  ''(.'fur-  u-iiall\'  in  fairly 
piiri'  ina^-i'-  ami  1-  i  • 'm-cntratcl  near  ilii-  eiii-iilc  "f  llie  ^n-  K'hUi'S 
toward  iIk'  I'M'twall.  Thi^  imriiy  and  C"mcntrati"ii  are  tnii- 
-idcred  [M  lit-  due  \"  latiT  iiiiiR-ralizatimi  hy  ilial  'pyrile  wliiili 
iMiicrcd  al'iii;,'  fraciun.'^  in  urc  and  r^x-k,  (ircati.  clipper  cnn- 
rciil rati' III  a^  in  the  ('"[iper  (litf  mine  may  ha\e  ]n:vn  due  In 
L;reater  fr.'u'tnrin;,'  aii<l  iiinre  aetixe  si  ilutii  iiis.  I)irk-iin's  de- 
>cri])tiiiii  I  if  the  ( 'ri'i.i;hti  iii  mine  indicates  a  11  iii^ideraMe  aiiintint 
■  if  hreciiatii'ii  with  nuniernns  aii^mlar  fra^'iuent,--  nf  imrite  snr- 
rniinded  hv  nre.  and  iintahle  replaeemcnt  nf  ri  ick  liy  sulphides, 
riicre  aKii.  a  partial  re|ilaceiiient  of  an  .acid  ruck  tli.at  intrudes  the 
tiiirite  is  iv  ited. 

I-.ater  Campliell  and  KniL;hl  su|>[)'irled  the  tnidiiiijs  ,,1  l)ick-.im. 
Tlicir  wiirk''  cii|i>i-.ted  nf  ;i  nielalliij,'raphic  ex.ainin.atinn  oi 
piiji-lied  specimens  i.f  i.res  frnin  Sudlniry.  Xnrway,  .and  ntlier 
nickelliferiiu>-pyrrhiitite  1' icilitics.  ]iy  tlii.>  means  the\'  fi  lUiiil 
tiiat  tlie  -;ime  rel.atinn-  lield  l)et\veen  the  miner.als  in  all  the  Incali- 
ties  studied,  tli.ai  m;ii,'iietiie  w.as  the  fir-t  miiier.al  tn  fnrm,  the 
ruck  >.ilic.ates  next,  fnllDweil  hy  pyrrlmtite.  ]icntl.uidite.  and  ch.alco- 
pyrite:  the  rock  silicates  were  in  general  fr;ictnre<l.  the  cnniers 
riiiimled  '<n  aiiil  tlie  sulphides  had  in  p.'irt  rei)l;iced  the  slicates. 
Tliey  ci included  that  these  features  were  the  result  of  depo-itinn 
III  nil  lire  hearinc,''  snhiti'ins. 

Ciilem;in  in  his  article'-  mi  the  Sudhury  di-trict  which  appe.ared 
later  strmij^ly  advocates  tlic  iy:nciiiis  orifjiii  nf  these  depnsits.  lie 
a--erts  that  I  )ick-i'in  w.as  unfortunate  in  his  clinice  nf  specimen.-, 
since  he  selected  them  chietly  from  nff s^t  depnsits  and  hrecciatcd 
ore  Imdies.  and  that  he  did  nnt  >tudy  the  nther  pli;i-e  in  which 

'  "  .Mi^r..<tr\uturi-  ot  N"icl<tlli!\rnu<  FyrrlMtilu."  Iv  o.\,  (lOii..,  \'.j!.  _•,  11. 
.IS' I.  1 1  HI.'. 

-iMpt,  r.ur.  r,f  Miniv,  Om..  \'i.l.   !4,  I'.irt  III.,  [i.  i;,  nxi;. 
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|);irliclis  .if  Mff  in  ii'.riu-  [I'liiit  iii^'n-  lUarly  i^  an  iijiK'i  >ll^  "r 
In  III-  "]iiiii.i!i  till-  -f.i'lii'-  111'  ( 'atiiiilii-ll  aiiil  Kniu;!!!  -li"\v  sii 
;Ih-  rni.'.l  ilc]iii>;i:"H  "i  ilic  luiiuraU  aiiil  alfinn  unly  ;';a!  a  (.-ci 
aiiiiiiiiil  III"  traclnriiiL;  nf  ])\  rrlii  ilili-  all'i\\i-(l  [n'lillainl-.u-  and 
iliiitiic  t'l  iiii;;ia!i-  mill  i!ic  I'raimx'-, ' '  aiiil  lu'  tlinik-' 

that  tlir-r   iiaiuir-  -h'UMi  li\    I  lii'k-.iii  aiiil  ( '  miiiln'l  aii'l  Kii^lil  in: 
i\;il.iiiu  i|  li\   a  I.i!ir  riarranLrinu  :;t   in   \sliu'li  -'iini   ni   'lii    iiiii  irai- 
ili--iiKril  .■111. I  r.  i|r|i.i-i:Ml  .il.ini;   I'r.u-iuvc-  li>   imaii-  ni  nroul.iiinir 
liiiii-..      Til)-    IT  irrair^fiiH  n:    i-   ni.irc   iiiarkcl    in    nll-ct    iKim-.';!--   tlic 
in.ai;,'inal  nnc-. 

( 'i  ilfnian'-  -nniin.iry  nf  ilir  .ir^nnn  lit-  in  l'a\i.r  nf  ,an  "ri^i 
llu'  Sn(!Iinv\   ..ri'-Ii}-  iii.i^;ina:  a-  -I'l^ri'u.iii.  ill  arc  i|ii  'U'l. '" 

I.  llu-  Ilia-  .iiT  i\  1 1)  uluTi  :i--iiCiaU(l  with  tlii-  iiuiiic  nl'  a  ? 
irii|iii\r  -lui-i.  .\.i  iirr  incur-  walnnit  iMiiii-.  Xn  IhHl;  -iri  !ch  u 
liiuir  iili;r  III'  ilii-  II  ailr  ur  il-  .jiki-Iiki'  nll-ii-  i-  tiilircly  iKvniiJ  nl 

_'.  Xiir.n  ami  nrr  arr  iiiixiil  in  i\i-r\  iU-v;ri-r  frmii  ruck  cue! 
sc.itarnl  iiailiclc-  nt  nrr.  tn  iiMTlintiU-iiuriU'  in  wiucli  arc  .iinl  rnc 
ill  cqii.il  .aiiiuiiiil-,  aiiil  liiiall)  tn  aliun-t  jiurc  nrc  wiili  a  few  r.ick-iur 
iiiiiur.il--  -c.ilh  Till  ihriiii,i;li  il.  'I  In-  n  Iatii.n-hi|i  ;^  iminii  ,it  i.\iry  i 
Xiiriu-  -|iiili(il  Willi  nrr  i-  -mill  iiiiu  -  I'.iuinl  in  ImihI-  a  Iniii;  ili- 
I'liiin  llu-  iu;irr-i  nrc  Imily  and  -riMiaUil  Uniii  liu-  Iia-ic  i-iIl;l-  by 
iri'i-  .■rmii  ma-. 

J,,  'llu-  ailiiiiii.ia:  inck.  uraniti-,  i;!u-i--.  ui  I'l-n-imu-.  nr  i^ra\uacl 
iirvi  r  -;i.i!Uil  with  nrt-,  ami  .-e  ii.irati-il  timlu-  ni  nn-  art'  lu-vrr  i-iic 
ill  it,  liiit  \iiiiK-t-  i.i'  nn-  may  ]n-iu-trati-  llu-  cninury  rnck,  ami  a 
,il«ay-  l.lin'k-  nl  it  a'c  iiicln-cil  in  tlu-  nri-.  'I  la-  ^liattrrini,'  ami  cru 
nf  tlu-  ciniiitr\  rm-k  tmik  |il.ici-  uluii  ilio  nicki-1  i-rniiliM.-  t'l.rci-d  it-  wa 
twn-ii  llu  ii]i|ii-r  -ciliiiK-nt-  ami  llu-  Inuir  crylalliiu-  mck-.  ami  tlu-  he 
and  jirnlialilv  ninn-  lliiid  -iil].liidi-  lilicd  a!l  tlu-  -ii.iCf-  tlni-  n]u-md.  1 
.'ire  ni'tni  cKan  \\;il;-  m'  cniintrv  mck  ai:,'iin-t  lar^t-  li  idir-  ni  |iiiro  < 

4.  'I'lii-  frr-lu--'  iinritc  i-  L;riurally  cin-c  tn  tlu-  nri-  h.idu-  and  i- 
-llnttcd  uitli  I  in-.  The  he-t  lire-irved  li>  inr-tluiu-  .it  the  Mi; 
(reiuhtnii.  and  liertrmle  iiiiiu-  are  in  -ectimis  eniit^iiiiiiiL;  Mil|iliide: 
imt  in  -iHciiiu  ■■-  I'n  e  !r..iii  -iil]iliide-  at  a  di-iancc  I'rinn  the  mines, 
cnii.-ider.ii  le  .Ml). unit  1.1'  re-arraiii;enu-nt  e.in-ed  In  w.m.r  cmi'd  have 
pkace  uiihniil  cliaii'^iiiL;  -.1  -n-ee]ilil}!e  a  mineral  .i-  hyper-thene 
seciuulary  niiner.il-. 

■  ■(.■.ui.  iKp;.  ..!'  Man-.  .M;iu-  r.v.iiK-li.  X...  i;ii.  j..  ,;ii.  na,!. 

■  '  Iveiit.  r.iir.  ..f  M11U-.  iinr.  \..l.  14.  i',,rt  lii.,;..  M.  n,.!,;. 
■I'!-,  'it-.  V.  1.^'. 
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\\'<\\  >;ni|)ly 

a!  a  (.■(•naiu 

li-  and  pyr- 
.  1 

i.;;li!  m;i>  lie 
iinir:iU  wire 
uI^iiniLr  ^''ilu- 
i--;t-  than   I'l 

111  '  irj"in  '  't 


(i|    a   >iii^;lc 
lr.;i-li  oi   iIk' 

(.Aiiill  nl    lire. 

ck  ciK-!i  i-nit; 
aii'l  rcick  arc 
rnck-iorniinij 
:  LXiry  iiiiiu-. 
iin^'  ili.-tancu 
■i1l;l'  1)\'   rncic 

ra\uackr.  is 
■vir  inclii-c(l 
.  ami  alnlll^l 
a:ul  cru^lliIlt; 
d  ill  way  bo- 
ll tin-  liiav  HT 
riml.  'I'Ikto 
1  [iiiri-  iirt'. 
aiiil  i>  (it'tcii 
the  Murray. 
■  ul|iIiiiK's  and 
L'  mines.  Xii 
!il  ha\c  taken 
.'r-iheiie    int'i 


;.  •I'll.'  marginal  nre  hodie-,  >liiiw  hanlly  a  trace  ul  hydrntliernial  or 
,,,ieuin.it  iI.Mie  actum.  There  are  .-.eldi.m  any  nl  the  niinera!-.  usual  m 
deiiiiMt-  I'lrineil  hy  water  except  \er>  -mall  (|naiititie^  'i  ,|uartz  ami 
calcile.  and  tin -e  are  nlt.ii  in  -e.im-  cnttui.i;  tlie  nre  .ami  eM.lcutly  'il 
1.1-1  r  li.rm.-.lain.  'llieie  !■-  im  liandniL;  -iich  ,is  mie  fMii!-  where  ca\ltle^ 
are  I'llled  uilli  niim  r.il-  dniiiMtcd  from  -iiUilmn;  imr  are  there  c-ncentric 
-tnicture-  aliiiut  the  ruck  I'r.iu'nieiits  encl'i-ed  in  the  ore. 

(1.  The  iKi'ii-it--  are  e\trimely  iniii'urm  ;i-  .-.howii  hy  I>r.  Harlow,  a 
tui  li.iiil  tn  accnimt  i  ir  in  imm-  sci'tered  almii:  a  Un'^tli  nt  .V^  mile- 
u:'ll  iIit'ieK  liilYerelU  C'imilr>  luck-,  nil  ulle  >ide  UllIe-^  lhi>  h.i\e  had 
.1  -■inyle  Miurce.  ;he  nnrilc,  which  i-  .1-  mnniitiinnu-  a^  the  nn-  tluui- 
-cKo. 

-.  dill  larijc-t  lire  h.idie-  are  win  re  hav-  ni"  the  tinriie  prnject  iiifi) 
the  c.inr.tr\  mck  nr  mi  ntl'-et-  from  -uch  tunnel  like  li.i>-;  there  is 
-tldoni  a  iKiio-il  oi'  imiinri.iiice  aloiii:  a  straight  niaruiii;  and  no  ores 
are  Immd  on  jiirt-  nl  the  m,iri;in  whicli  iirnjecl  inward-  111-tcad  of  out- 
ward-, dhi-  i-  inte!l!i;ili'.e  if  the  oie  -e'.ili^  into  the  hollows  under  the 
molten  -heet.  hut  (luite  imaccount.ilile  if  it  wa-  liroUL.dit  iu  >olution  from 
el-ewlure  aloni;  the  channel-  furni-lud  In   tlie  coiitac:. 

I'liiiii  licM  atul  :ii!i.r'i-t.ii])ii.-  c\iilftK-c  IIi>\\e"  fniiiii!  iintliiiiL,' 
I'l  -11,-m.-:  tlial  the  iiix-  liMilic'  li.'nl  lieeii  fi>riiK'il  liy  rcjilaceliunl 
111'  till'  11  iii'e.  ii'ir  ilid  iitiiTi  i-c  >|i;c  c\  ideiKo  iinlir.atc  a  orad.'iti'Hi 
frii:n  iinrite  in  iiia--i\t.'  -iiliihiik'  in  a  ]icii'' ii^iapliio  scti^c.  lie 
;iNii  iMie-  tlic  Itrccriaioil  cliaiacUT  nl  the  I 'feinlit' m  nre  hmly 
and  Nt;iii'-  that  \eiiilet-  "i  siili>hide-  iieiieirale  the  nmite  h.an^iiiL; 
wall  .and  iinrjic  fr.antneni--  iiicltided  ir.  ilii-  nn-. 

As  ;i  re-iih  'li  ihe-e  in\  e-liu;alii 'ii-  I  l^we  "  iirnpi  .-c-  a  lU'  "lilica- 
t!  Ill  I  if  the  niauinaiic  thenry.     lie  -n:.;L;e-'s 

that  the  niolteu  -ul|ihide-  were  oritiinally  introduced  into  their  pre-ent 
po-ition  iu  a  iiioiteu  condition.  The  hrecci.ited  char.icter  of  the  couiacl- 
lielwee.i  ore  and  countr;,  rock,  a-  wed  a-  the  lliiene.--  of  the  u'r.iiii  nl 
the  norile  c'o-e  to  the  contact  would  -eeiii  to  ind'C.ale  tli.it  the  -ulpludi  - 
were  intruded  .'ifter  the  norite  had  cooled  and  that  tliey  repn-eut.  pi  r- 
Iiap-.  .an  end  product  iu  the  ililfereiiti.ition  of  the  maj,'ma  from  which 
the  iiorite  wa-  derued.  In  o'.her  word-,  the  dilfercnti.ition,  of  -ulphide- 
and  silici'e-  at  lia-t.  was  atYected  iu  the  iiiai,'niatic  re-ervoir  and  not  ui 
the  laccolithic  chanilier.  ddii-  nioditud  hy]iothe-is  in  Howe'-  opinion 
Would  relieve  the  theor\  of  m.a.miiatic  origin  of  the  burden  of  uian>  trmi- 
hie-ouie  iiroli'enis  ni  phy-ic-  and  cheuii-try. 

■••  I'.i  ii\.  (iiiii...  \'.il.  I).  ;i.  50J,   1014. 
•  ■  /i/eiii    p.  ~j\. 
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A^'.-iiii  in  Knii^'lit'^ '^  I.iti'^t  d 'iiinlnuinii  to  tlic  -ttliiiHi  \vi'  I 
a  I'uriluT  aih' n-.aiii,:,'  "f  llic  liydrMiluTtiial  <>rii;ii)  of  the-  i\c[)n- 
.\>  a  rt-^iilt  "1  rce't'iu  licM  w  >  ^rk  lio  has  t'luiid  that  tlic  ;,'rai 
f'Hptwall  lit  till'  (  rcij^htiiii  c.rc  l)"(l\  npnii  which.  ruC'TiliiiL,'  to 
iiia^;inalii'  tlii'iTv,  the  iii  .llfii  -.til|iliiiliN  arc  >iii)i)i  »f(l  to  li 
^I'ttlfil  I  lilt  iif  the  iiia^ma,  i^  not  mMit  than  tlic  iiuritc  as  lias  h 
a~~iiiiu'il.  hilt  is  \.iiiiiL;vr.     lie  >a_\s  ;'•'■' 

Clearly  tluii.  -iii'-c  ihr  'granite  i-  \"iitiL;iT  lli.iii  tlu-  iinrilc.  ilic  nm 
Mil^lii'ji  >  i-niiM  nut  have  >elll<(l  to  ilu;  liott.iin  of  tlu'  ii.intc  nKi.i,'nia 
ri'-l<il  .ill  llir  iiranilc  I'notuall,  lor  the  mtv  j,'oo.1  mm-oii  tli:it  the  ^ra 
w.M  no;  ill;  re  ulun  llu-  iiorilc  wa^  i  ru|it<il. 

Ik-  aKii  >tati---  at  the  I'l'"',]  nr  X,,.  ^^  iniiie  tlic  "re  is  tint  \\\\' 
in  ii'iriic.  a>  ha->  Iiecn  ^ii|i|io-t.'il.  hnt  occupies  a  dished  /'nu 
seln-.lii-,e  heiU  of  oravwacke  and  to  he  a  Ir>s  extent  in  iioi 
Some  (jf  the  stilpliiiles  aKo  iinpreoiiate  the  ha>ic  intni^ixes. 
hrecciated  character  of  the  W'orlhinoion  niiiie  is  pointed  out,  - 
it  is  emphasized  that  sulphides  are  -jiotied  in  oranite,  oreensti 
and  .L;ray\\aike  in  a  --imilar  manner  to  the  ^]iottinL;  of  iKiriic 
much  einpha-izeil  hy  Coleman  a^  an  indication  of  ma,L;!ii 
origin,  hrojii  ilie-e  and  other  data  to  he  dealt  with  in  ;i  loi 
coiiiini,'  pajK'r.  Knioht  conclude-  the  ilejio-its  to  he  of  hy( 
theniial  orisjin. 

The  latest  ]nihlication  dealino;  with  the  Stulhnry  ores  is  that 
Tolman  and  Ko^ers.'"  hVom  microscopic  work  with  thin  : 
tiotis  and  ])olished  sijociniens  they  conclude  that  the  siili)lii 
are  .all  later  than  the  rock  niiner.als  and  that  thev  lia\e  h 
formed  hy  a  reiilacenient  of  the  silicates,  .and  th.at  in  j^ener.al 
later  formed  ore  miner.als  rejikice  the  earlier  ore  inincnils. 
addition  to  re|(l,icement  in  .ill  dej^^recs  of  completeness  thev 
cord  \eiiilets  of  sulphide  cuttin.t;  across  the  rock  silicates.  T 
also  find  that  the  order  of  foriii.atioii  of  the  minerals  is  silica 
mai^netite  and  ilmeiiile,  ])yrrlioiite,  iientlandite,  chalcopyt 
An  ahsence  of  liydrothennal  and  pnenniatolytic  alteration  of 

"•^  I'.ilil.  JilJ  Mill.  J.'ur.,  \\i\.   IDI.   p.  iSlI.    MIO. 
■■'  hi.  Ill,  ]}.  iSlJ. 

■•" "  Maj.'ni.itic    .^Ml|iliiilc    ( Ir.-."    Tolm.in,    ('.    i",.    Jr.,    .iinl    Roger-,    .\. 
I.elan<l  St.iniord  Jr.  I'liiv.   I'lililivMii.  in-,  ii;i6. 
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r.  ak-  .•uH-.iin]i:iii>in^'  llio  iiicl.illi/ati'n  i-  imiiMl  l.iit  -luli  aliiTali-ii 
\\A-  <H-(tirri''l  t"  a  ImiiU'il  i'\UT,t  after  the  l'"rniaii"n  nf  tin- 
^iilpliiilt'>. 

'I'.ilmaii  ami  l\Mmr-,  di-a-rec  wiili  I)uk-'ii  ••  a>  t"  the  IimIt"- 
ihrrmal  '  -cc  iinlary  aequ'Mi^  '  ..ni;in  "1  tlic  'Tc-.  "  Imt  aurci'  "  with 
ilie  -.ii|i|i"rtir>  "f  the  tiiayinatu-  hyi)"tlu'-i^  that  tin-  "res  wore 
t'^rmcd  within  tlu'  nia-niatir  ]RTii>il.  'Ihcv  witc.  li^iwi'vcr.  ii'it 
I'^rnu'd  at  an  earlv  -i:i,l;i-  and  n^  it  liv  the  -inUini,'  "f  ihi-  -nlnhide 
I  i  in-tinu-iil>." 

'I  ln-ir  f'liifiJti'in  >  that  tho  "re-  wetv  f. 'nned  at  a  1  ale  I'lau'- 
niatie  ^ta:,'e  \<\-  the  acii'^n  "t  "  iiiinerah/er-."  and  that  the  -til- 
|ihide>  replace  the  -ilieale<.  Wlnle  lliey  apjily  the  term  "  ma:;- 
matie"  t"  tlie-e  dejii'Mt^.  lliey  d"  n..l  imply  the  ii^nal  ~iL;nil'ieance 
mI'  the  term,  and  while  they  fpn-ider  them  t"  have  heeii  I'lrmed 
l.v  replacement  a>  a  reMilt  "i  '■  minerali/er>  "  >T  "  mineralizing,' 
si.In!i"n-.."  thev  diriereniiate  fr^m  the  ti^nal  reiilacement  in  thai 
ii"  li\dr"thermal  a!;erati"n  tiH'k  place  at  the  tniie  the  "re^  were 
dep'  i-ited, 

hlSi  1>SI<  i\   I  il-    K'la  i:\T    \  ll'.WS. 

I-V'im  the  al)ii\e  nummary  i>f  ^.,me  "t  the  recent  vie\v>  retjard- 
iiii;  the  ori;,'in  I'f  the  Sndhnry  ure-.  it  will  Ue  ?cen  that  tlicy  are 
cnnllictiiiLC  and  there  i^  nnich  that  is  ])laiisil(le  and  cc'ininciii;.^  on 
each  .-idc,  while  nu  one  theory  a<lef|iiately  explains  all  of  the  evi- 
dence that  has  been  produced.  It  would  appear  aKo  that  no  one 
view  can  he  ci'im|)letcly  discarded.  Son  "t  the  i)oints  iov  and 
ai;ainst  each  h\]Hithcsis  will  therefore  he  discu-.>ed. 

M  \r,M.\TIC  .S!(^,Ki:c ATION. 

'1  lie  h\i)othesis  of  niaj,Miiatic  se,t;re;.;atiiin  has  in  its  favor  the 
cli>se  association  l)etueen  ore  and  norite.  .\s  i»ointed  (nu  \>y 
Coleman  practically  all  of  the  ore  bodies  are  in  or  in^iiediately 
adjacent  to  norite.  and  no  part  of  the  main  norite  ma>~  or  its  dike- 
like oti'sets  is  entirely  devoid  of  ore.  While  this  same  association 
is  true  to  some  extent  of  dei)osits  clearly  not  of  ma.ijniatic  ori^'in, 
a-  the  disseminated  cojjper  ores  in  porphyry  intni-ioiis  such  as 


I 
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at  |liiii;Iia!ii,  I  l.ih.  wlii-ri'  -•>mu'  ~iili>h!clr~  ari'  -caiurtil  till""!! 
jiraciiialK  all  "i  tin-  iii"ii/' >iii'f  |i' ''-pliv  ry.  il  i-  m  \i  rilicli'-- 
••ir"ii.ul>  Mi;;m~lni-  ar.u:unnn!.  Aii'  llur  -nL;-i'-iui-  arj^iinifii! 
i.r.'T  'il'  niai;mal:r  ^i':^rci;at  !• 'ii  i>  llic  iii"ri-  'T  li-«  W'tM  w 
a-»' il  laMMii  ..f  ii'intr  ami  ii:.  kcl;  I'lT' mi-  jiv  irlr  •;  ilc.  ni  wliuti  I 
~iil]ili;(lc-  arc  iii\ariali]\  ai  ■  >r  near  tin-  l^  nlcr  "i  liu'  ihiriliv 
I'ar  a-  i-  kii"\\  n  llurc  i-  ii'  ■  (  •  iin  lu-r.  c  c  aliiu  r  aL,'aiii-t  -iil|iliiil 
-IK  h  a-  '  •!  nir  a'  SnilKiirv .  l'^  ■ritnii;^'  a  \i.n\  •  'I  an  i-iu-i  'ii-  r^  'ik  a 
I  n  c  Mrr;ii^  in  a  iii'  'I'm  c  iii'liii^n.  <  >u  ilu-  i  '  'nirarv  niaii\  nuc- 
L;ai"r-  ha\c  iir.'ihui-d  c,  iijcnri'  t'r.ini  walrlv  -r.iUtri-il  l.^ralil 
•-hi'W  iirj  ilial  ^nl|ili'il('-  ik  1 .  .r<  iir  ■  'riL;inally  in  !:;nc'  lU-  T'  'i  k~  A 
|)a\iil  r.i-"\\iK-  lia-  -li-wii  ilia!  in  a  |.  4  ■■{  iiiaiu-  tiii'  niLkfl  tii 
lii  (■•  .IK  i-nlralc  !■  ward  llu-  iiiiicr  aiKl  llir  r.'|i|irr  l<i\\aril  the  in, 
;;in-.    ^iiimla'iiiL;   tlic   i.  ■mill  k 'ii--   ■■!'   ■  h  a  nrn-iK  c   .'t    ilii.'    >ii(il'i 

'lliat  the  iiukri  iTii|(|]\r  UmIi  jia-  iimlcr;j..iir  a  dill  iTi'iilia'.i 
fr.'iii  iK.riii-  I'l  niu  r.i|ii-L;nialilc  i-  ili-]intid  li\  ii.iiic,  'llic  arj 
iiK-ni  'if  I'nriluT  rliii'tTcirialii 'ii  <<i  Milpliidf-  l'r..iii  iK.riU-  i-  the 
!•  iia-  rca-  'iial.lf  and  -.ni^L^f-Mv  f  i1i"1il;1i  liy  ik  .  im\in>  (.■'iinln^i 

(  )iic  ..|'  iIk-  iik-I  iK'tiii-aliK'  Icatmi-  in  i.  iniu\li' -ii  w  nil  all  ' 
'I'l.lii'^  I'r.r'iK'd  li\  liv  dr"lli(.Tinal  jir.  .la'  —  i-  i--  llu'  |ir.i!KHiiu 
alu-raii"n  wliali  ilic  (■■.iiiainin;,'  r.-ik  lia-  itmKTi;"ni'.  'I'lii- 
i'N]itiially  true  "i'  di-])"-i!-  wIktc  the  -iilpliidi--  ari'  ni'ifi'  "r  1 
-caui-ia'd  ilifi'iiL;!!  ilu'  V"d<  a~  i>  tlu'  ca-r  in  llu-  >ndluir_\-  dr]i'- 
A-  I '"k-nian  |>.  iiiu-  mit  "iki  (.->  iii-idiralik'  aiii.ain!  .if  rrarran 
niriii  ranged  l'\'  waUT  i'"iild  liaw  taken  jilaia-  with'  lU  clianj; 
-II  -ii-»c|iiilik'  a  inimral  a-  li\  |iit-i1riu'  ini"  -ci'Mndary  ni 
rra!-."'-  'I  luTi'i"' ill-  tile  |iaiirity  <<{  a  jir.  .ik'HiuimI  an<l  inii'i 
altfra;i"ii  i.f  all  llir  n.'ritf  -nrri  nindini;  tlii'  mti'  at  Siidlniry  i- 
ar^MiiU'iit  aL;ain-i  tlu-  li\  dr.  illuTiiial  .in;;in  ><\  \\\<<~v  •  ifi--  and  n 
In.'  I'l  iii-tnu'd  a>  an  aia^niiiriit  in  fa\-'r  "i'  inaL^inatic  -ciirej^ati 
i1i"I1l;1i  it  cantKit  I>e  ti-cd  c\i.hi-i\  cly  in  l'a\"r  nf  -lu'li  an  I'fif: 
riic  M'arrit\-  "i  -nrli  ( in-  iiiiiuTal-  in  ni'  •-!  "{  tlic  Sudlmry  mi 
a-,  ari'  t-'MnnK'nU  iiidii-aii\  t'  "i  di.-|ii  i-it-  ..f  liydr.  itlnTinal  •>t\ 
i-  a  I'liriluT  indii'aM.'ii  that  tlic-c  dt.'i>">it-  arc  iKit  t"  In.'  i'la--cd 

''■  i.'.:uilt'  i.l    l':-.!:-.    .^,.^^>.'   .'f  MlIWi   (Jll,lrlti!x    ]<     -',-■/.    I>1)5. 

'- l. 'Il  ni.iii.  A.  I'.,  Ki|ii.  I'air.  Miiu-.  i  »n!  .  \"'.   i^.  \i.  |S.  |.^i;. 
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intTtK  .  I  li\ 'li'"'luiiiMl  ■'ri,L;iii  'I  In-  .iri^uincni  :n  i"iiiiiiu  !  p 'ii 
Willi  ■  ilur  (iiU'ii.i  iiiii^lil  In-  -iiL;L;f-ti\f  r'^r  ,i  iiiaL;iii;itir  -iL;ri'- 
-,iii.  II  '  ri^'ii.  ill'  .iil;Ii  ,ii;a;n  )i  i  ,iiiii"t  Ke  i  ■  'n-iili  reel  a~  a  i^  'lu  In^u  i' 
|ir  •■•t'  ill  i.i:   -r  ..|'  ;•. 

'Mil-  iai  L  "i'  l-a!i'i;iiur  ainl  i' iiua'iitrir  aii'l  iiii'-i-i  >  i-il  -ti  lu'iuia'-. 
-lull  a-  ( liarai'iTi/r  .rc^  ilf|i' '-iicd  m  "in'ii  ia\iiif>  up  Uy  rcplacf- 
iiitnt.  an. I  :!ii-  la<  k  'I  ilni-\  lillfil  ia\i::c-,  ;-  -iil^l;!-' ;\f  f\  an 
'■nuin  I'lliiT  ill. Ill  li\  ilr.  .ilu  riiial.  Kiil  lanii'i  iuh  a --,inl\'  Kr  ii-t'l 
a-  a  I  If.  "i'  '  -i'  ii!a:;:iia!:i  -ii^rc^aia 'H.  a-  !ia-  1k(  n  il^nc  1a  I  ""a  i  pan 
aii'l  .'iliii-,  an\  ni'Tc  iliaii  it  (•■■■.iM  In'  ii-i.l  a-  a  pr.'-'l  "I  i'  nt.ut 
indani.  v]  Inr  (Ic]m  i-u-. 

<  'IK-  'i|'  iIh'  -•r"nL;i--l  armiinctil-  aihaimil  li\  :ln'  aiK.'ialf>  "l' 
n'aL;iiiaia-  iT;L;!n  i-  ilial  ilu-rc  i-  in  iii"-t  ia-i->  a  !raii-ili.  nal  |ilia-r 
'I  ii\  rrlt' ililc-n' 'rile  luiwii-ii  ilir  n^riU'  jir^inT  and  tlu'  . 'ri',  and 
llial  lln-  nicriji-  ;:radnal!\  inl"  pure  n'.rilc  ■ 'ii  llic  "iir  -alo  and 
:ni..  i.rc  i  .11  tlir  "IIkt  I  lu-  I'ari  that  llic  "re  Ir.  idii'>  UTininaU' 
lairl\  al>rnpll\  auaiii-i  llic  !•  "luall  r^ck-  and  I'adf  "lit  iiit'>  tlir 
iiaiii;:nLr  wall  iinrrc  i>  an  aiL;niiHMt  a^ain-i  a  li\  dr.  itlirrtiial 
.'iLiiii  .111.1  in  i'.i\..i"  ..f  !iiai;iiiaii>-  ^t-L,'ri',i;;itP  >n.  II. .we  Iia> 
di.'wn  that  111  ilu-  <  'rnL;lii..ii  iinno  \\\'\-.  i->  a  nit^-lianu-al  failing  .'lit 
and  n.  I  a  ]nlr.  ..i^raiilnr  .  .nv  a-  i'.  nli-iicUal  liv  (  '.  .U-iiian.  Spti  iiiu'iw 
fsainiiu'd  !•>  tin-  wriu-r  -npp.'rt  a  |>art  "I  • '.  .Icinan'-.  i.  .ntcnii. 'ii^ 
and  indu-au-  that  whili-  tlu-  main  ..la-  l>i.dn.-  ladi  ..n;  nuah:niirall\ 
l'i'y..nd  ihriii  iluTf  i^  ]>\  rrh.  .1  lu-in  .riii-  in  whiih  the  |i\nlt'.- 
MIc  ,i;i\f-  (•'.(.■r\  a]i|n-aren(a'  .'t  lirini;  an  ..ri^iiiai  c  ,ii-iitiK-nt  I'l 
•1k'  r.  ck-.  Kiii;;ht.  mi  tin-  ..iIkt  hand,  staler  ih.al  llic  i;ranitr, 
urn-n-t'.iu'.  and  ,L;raywaike  ..I  the  l".".t\\.all  are  al-n  sp'illed  with 
-nl|)hi.le-  in  a  inanner  -iniilar  t.  ■  the  p\  irhnliie  11.  'lite.  It  i>  elear, 
h.iwever.  that  the  I,iri;er  i)art  ..T  the  ..re  hudie-  ,ire  in  the  ii.>ritf 
and  that  there  i>  a  ;,'reater  pr. 'p.  .rti"  .11  ..i'  fadiiij;  cut  int.i  11. .rite, 
wluihrr  inechaiiieal  ..r  jK'tr.  .;.^rai>hiial.  th.an  int..  the  r....;\\.ari 
r.'ck-,  1  he  -taiemeni>  .if  11.. we  and  Kiiiuli!  jiwt  ()ii.iied.  iii- 
x.ilidate  I.,  e.  .ii-ider.ahle  extent  the  strength  nt  the  ;ir.i,'Uiiient  "f 
ladiii;;  .  .nl  ;i-  a  pr. ..  .f  nf  niaf;nia;ie  ^e<,'rej,'.ati.  .11. 

The  niiil.  riiiity  and  iii'm.  .t.  .iiy  ..f  the  '.re-  .and  miiu'ral^  nvi-r 
-neh  ,a  wide  area  in  .'~^iidl»nry  i-  -iij,'i;e-ti\  e  ..f  an  imie'.u-  ..ri.^in. 
1'    1-   ditlunil   t"  under-land   ii"\v   "re-   de|i.'-ileil    fr..ni   -..hlti"Il^ 
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\\li:«li  ;i!n-'  ini  i -~.iril\  Kc  -iiKifil  li  l!iutn.ii;n^  i  ■ 'ii'lili"!!' 
<  oinii' .-111' .11.  1  ..111  cnir.iiii  ill.  i(iii|ii-r;itiifc.  .nid  |irr--uri'  (■■nli 
-■>  iiirf'Tiii  ;ill  ,ii""iiiii|  the  II. .rile  intniMW. 

I  he  iiiili-|)Hi;iMr  in  iilciii  i  ^  ■  ■!  \>  airr  .iiM.  .11  ;i-  ^li.  .\\  n  111  n 
'.'  llir  ili|i' .-11-  1^  f\]iI,iiiK-(l  1p\  llii-  ;iil\ . 'I  ;ili  -  I'l  iii.iLjin.ilir  si' 
I.:.!':"!!  Ii\  .1  l.iUr  rfarr.iiiL;iiiu'iit  liy  li\i|r"ilicriii.il  w.iIit-  rrU-; 
ir.'iii  llic  iiia:^iiia  diiriti;,'  ii^  s.  iliilit'n  aii.  oi  I'.s  ilic~r  s.  .Iiiii' iii- 
\alii;il'!r  ni:iu-ral>  arc  a-^niiiiil  I'>  !ia\f  Infii  i!:--mKci1.  ir 
|i"ricil.  ,111(1  ri'il(i>"-ili-il  in  .iilur  |ilarr-.  al'iii^  wiili  Iviiual  liy 
lluTiiial  MDiirraN.  tliiTcliy  linnijiiiL,'  ali"til  a  i  ■  .lu  ciiir.iiii  .11  of 
iifi-.  I'll!  ]<\  II"  nicai:^  a<  i  •  iiiiinii'.^  I'litircU  i'"r  ilu-  .riLiMi 
ici-iii.iii  .il'  'lie  |iri-iiit  I 'fr  li^ilii's, 

Iv  all  "f  111-  wriiiiiL;^  ('"liin.an  li.i>  fiii|ilia-vi.  d  ilic  mar; 
|i"->ili.Mi  ..f  ilic  •■TV  ImkIii's  Willi  rf~|n\'t  t'l  ilic  imrii-i\c-i.  and 
li.'iiili'd  .'111  ihal  llii-  !.irL;t'-I  "re  |]"ilic>  .arc  where  li.i\s  .if  ii. 
|ir"ie.i  in:.,  ihe  (.'iiiiiry  r.  ( k  .  .r  ..11  ..|V-ei>  fr..iii  ah  fiiiiiicl 
li,i\-  I  he-e  |i..iiii>  are  ii-e.l  a-  .  .lU'  ..f  llie  arv;iiineiit<  f  ■ -r  i 
iiialie  -c^reu.ili.  .11  Tin--  marginal  di-trilmii.  .11  is  dirt'ieiil' 
^ai  i-f,iei.  .rx  e\|)!aiiaii.  .11  K\  ,iii\  .'iher  llian  the  iiia^'iiiatic  llv 
ami  i-  .  .lie  .  .f  the  -ir.  .iti;e-t  p.  ..ii!>  in  iN  fa\ .  .r.  It  may  he  ]v>'i 
..III.  li.i\\e\er.  ihat  .a  ill. .re  .  .f  le--  in,irL;inal  ..eeurieiue  ..f  h\ 
thermal  |>neiinia'."l\  lie  ..re  h'Mliis  ar.  .iiiiil  intntNives  is  not 
ti^iial,  f..r  exanijile.  ni..-t  tin  dep.  .sis  li,i\i'  ;i  in.ir^'inal  ]in> 
w  ilh  re-i>eel  t..  the  inini-i\e. 

The  ..I'l'-et  de|i'.-iN  extending,'  .'lUw.ard  fr.  .111  the  fiinntd 
h,a\>  in  the  h.  .ii..in  i.f  the  in. rite  are  al>.i  U'-eil  hv  the  ruhnc 
"f  the  i.!;ne..ii>  ..rii^ili  .a~  '•il.i,',^e-tin;4  ina.ij:niatic  '■e,;,'rei,'ali.  .11.  ( 
man'''  cn-ider-  them  t"  lia\e  Iveii  fanned  hv  ;i  -.liaiieriiii,'  ..1 
nn(lerl\iiiL;  r.  .ek  ]ir.  .(IiuimI  l,y  it>  "cullap-e  diiriii;;  the  rem.i\-; 
the  111. .lien  r..ek  fr..iii  heiieath  and  als.)  liy  the  mediaiiical  ai 
..f  the  laec 'lithie  >lieet  spreadini;-  "Ut  al).  i\e."  Tlie^e  fr.act 
are  believed  l.t  ha\e  "drained"  ntV  the  ninlten  Milphide^ 
n.irite.  tliereh}-  ,!.;i\in,L;  rise  to  dike-like  f. .rnis  nf  n..rite  and 
e.  .iiMiliilniL,'  the  ..lV-et-.      lie  states: 

The  l"i--iircs  ami  ilev'.ii-i  cliannci-  Lotween  the  Llucks  \\..iil 
lloo.le.i  by  tiic  highly  tliiiil  n.iriic  and  ure  actiiii;  uiuler  the  prcs-ii 
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I'  niai  L;iii;il 
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tnnncl-like 
■•  i  •!■  hi.-il;- 
(litViiiilt  "I 
i.'itic  iIk'itv 

lir  pMintcd 
■  111  liyilni- 

is  not  uii- 
lal  |tii>itiiin 

fmiiicl-like 

2  a(hwcatf> 
ii.II.  i'nk-- 
•rin^f  1  >i  ilie 
rt'miiN'.'il  of 
iiica!  acti'ii! 
c  fractures 
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;s    umilil    be 
pressure  of 


u.;.,.u.//;i;  oi<i:  !h:i-osits.  sri'i'.i  i<)\  n\r.  i"-* 

tliri-c  iMilos  ni  n.rUiiii;  tiLiL,'"'.'  'I'l'l  ""'"'  ""'^-  ""'  I'""""'  ii'TiK- 
hiu'lilv  cli.irij<.l  wall  Mil|.liul.'>  iritir..!  .,ii.|  liMfl  imiv  iMMiiik'  cli.cim.  1 
,i..l  i"  .r>r.|  It-  way  in  |i1.ut«  tlir..M«li  !■.  li-  i<i  -li.it'iK'l  .iV.A  \'. .  .iki  n.  .1 
i..k\     I  111  !..-iiik'  lli.iii>    lr.i:;i!ii  lit-  l"rii  nit  mi  tin    u.i\. 

i 'x.imiiiaM' 111   111    llu-   i'\i>l.iliati"ii  di-il.'-e-   a    wi.ikiu-^    in    h> 
,i.h'i,ir\   i"T  iii.iuiii.ii  u'  -eL;rf:^.iii' 'II. 

If  ihc  fiMi  tunii'.;  l'"'k  i>luc  dm'  !■.  '1u'  riiii''\.d  .if  ilii-  iii,i;;iiia 
|»-tii',illi.  ..r  l'\  till'  liii'i  li.iliii  .d  aril. .11  i.f  lln'  ..\crl\  111'.^  duel,  it 
iiiii-i  lia\('  taken  |.'.ii.'  -li-rtl>  after  the  iii:rii-'"ii  ■•!  the  tiukel 
eril|itiMV  >ili  h  fr.ii  lire-  then  \\"illd  lie  esi'eifi'd  Im  iie  tilled 
lir-I  ii\  the  uri.i^ilial  iilldilleleiitiated  llia-iiia.  -iiu'e  dill  en  tit  lati' 'tl 
III  -itii  -mil  a-  ■■eeiirred  iii  the  ir.ikel  eriiptiNe  iMiild  iti.i  li.i\e  taken 
]i!.iee  i!liiiK'd;.r.ei\ .  .'ind  ( '  iii-ideralile  time  iiiil-t  lia\e  elap-ed  he 
f.ire  the  ii.irite  ;illd  -iilphide-  were  -eure-.ited  .at  the  l(.itt"m  in  a 
|>.i-iti-ii  111  enter  the  niiderlv  iiii,'  fraetiire-,  llin-  mie  nm-t  enti- 
elude  that  the  fraetnre-  niii-t  either  ha\e  lir-t  U-eti  tilled  hy  >iieli 
a  tiiaiinia  and  Liter  di-iil.ued  hy  the  l-a-i'-  |ili;i-e.  ..r.  th.at  the 
fraitnre-  u«  re  delaved  ni  lhe;r  f.iniiati"ii  until  jn-t  the  jir.'per 
tii..liieii;  when  the  dstfereiit i.it '.  .11  li.t-  i)r..ceeded  -lltf  leietltly  that 
the  ii..r)le  ami  -iil]ihide-  were  -e-rc'^ated  .it  the  hi.tt..iii.  .  .r.  th.it 
..tf-et-  e.aniii.t  pr-  jierly  he  .aee.  .iiiited  f.  .r  1)\  the  e\|il,iiialii 'ii  ;,n'>en- 

'I'he  fir-t  tw.i  ])..--ih:r,tie-  dn  li'.t  -eein  ]ir.  .1  i.aMi'.  If  the  fr.'ie- 
tiiriti^'  he  pre-nnied  1..  lii^e  re-iilted  frmn  the  iiitrn-i.  m  :iiid  the 
tindilVer'-tltiated  tiia,L;in.i  ..nee  enlered  the-e  l..ii,i;  iiarr..w'  dikedike 
i.lienitiL;-.  where  e.  i.  ilm;,'  \\.  mid  take  iilaee  rapidly,  it  -eeiiis  iiii- 
pr. 'h.ahle  llt.at  it  e.  .nld  later  he  di-pl.ieed  entirely  hy  ;i  dilleretiti.ited 
]iri>diiel  I.f  ii'.ritt'  and  nre  with. .lit  >.p|iie  e\ideme  ..f  the  nndilter- 
etitialed  niaf,Mii;i  k-in};  left  hehiiid  f.  .r  i'  i-  elear  th;it.  due  I.,  the 
r;i]iiil  ei.iilin.L;  i  .r  freezin,;,'  of  ina,i,Mii;i  mi  it-.  w.ilU,  the  i  Miterin.  .-t 
p.irti..ii  rei)re-eiit-  the  iindil'feretiti.ated  tn.a^'tiia,  '1  here  i-  e\i- 
deiiee  in  the  line-f^rained  eiiaracter  nf  the  n..rite  near  it-  inar.t,'iiH 
the  i.apid  criolin'^  h.a-;  taken  ])laee.  \'c[  a-  tar  ;i-  e;in  he  le.iriied 
there  i-  U"  e\  ideiiee  nf  ,'in\-  •.indilt'erenti.ated  in.a^'tn.'i  i  .r  any  indi- 
(■ati..ii  tli.it  the  fraetiire-  were  tir-t  filled  h\-  -neh  an  nndil'ferer- 
tiated  nia^'tii.'i.  The  \ery  faet  that  the  tmrite  and  ore  h;'\e  tii.'irk- 
edlv  rinc-,i,'rained  ni;irj,'inal  jiha-es  indicate-  their  e.  .titaet  with  rel- 
ati\elv  ciild  ri.ek-.  .and  thi-  wniild  n.it  he  expei'ied  had  ditteren- 
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li;ili''ii  Kikni  [il.-iic  in  -i;n  wlu-rt'  ilu'  wall-  wiiilil  Iht'Oiii.-  h:'_;l 
Iii-alccl  I'ili;,'  iic-l'  ro  ililU-rciiliat'r 'ii  liail  pi''  irrdcil  fiilVKU-mly  i 
1"  hniiL;  ;lie  ihlTi-ri'ii' ;aUil  ii"ritt'  and  "Tc  I'l  tlie  mih-uIc.  CJu 
man"  n-r^  llii-  iliilli-il  (.■di^e  •■(  ■ 'rr  and  n'.riti'  a^  a  [)rMiif  nf  nm 
inaDf  -r;4iTL;aIi"n,  W  Ink-  11  riTlainly  induati'^,  1  >r  at  Ic: 
~n"ii!jl\  ~ii;;u;i.'-I-,  iliat  ill.'  "ir  wa-  wi  ::  ninllrn  c.  iiii|;;ii  iii.  11  il' 
iiiil  i'a\'.r  i1k'  tli(.-"ry  ..t  iiiauanitic  >cL;ri'L;aii"n  a>  iniuli  a> 
l'a\'r-  iln'  HiMdiii((l  iIrli-v  ..['  nia;;ntalu-  ilil'lrrfntiai!' ^n  adsanc 
l,y  llouc.'' 

Il-  lal'aiy  a-  an  ar,L;ttincnt  fnr  -cLircijati' 11  i~  ninlu-r  -li"\\ii 
l\nii;li:'-  tnid'.iiL;-  that  tlti'  ;;ranitf  t'"'t\\all  aL;ain"^t  wliiili  the  1 
HI  thi-  <  flight' 'U  I-  ]iri-uini'd  1"  haM'  liccii  C'iMlf.l  ;,  latiT  in  a 
than  the  n^riic.      It  i-  thiTt'l'i  aT  ih-'hii"  ilia;  the  ■  ^rc  nin~t  he  lat 
m  a;^c  than  the  n^rUi.'.       I  h^  ntlii-r  pn-Mhihtw  inrnti' .mcl  ahii\ 
~reni-  t. ".  di'heati'  an  adin^tnu-nt  t"  \k-  pri  ihahli-  ihat  the  fraetnr 
^li"uld  ju^t  M|icn  up  at  the  pan  iiuiar  ]iha^e  ■<{  the  e^  •nipletii  iii 
<l;nereniiati' 'II   fead\'   to  reeeive   the   l.'Wer  I>a-;e   diU'erenliate 
niin'-e  and  --tilphale-.       I  hn^  it   winld  appear  that  the  "H'vil  ( 
]>.  .^il--  canii"!   he  a^-.tinied  I"  ha\e  hren    l'"rt)ieil   a~  explained 
t'ilenian  ami  tlierel"' 're  are  n'>  arunineiil   m   laX'T  "I   nia^nia 
~eL;reL;atii  ^'i. 

AiMther  arL;tiinent  ad\aneed  hy  (  "ieniaii  and  laher^  hi  la\ 
111  nia^matie  ~ei;re-ati' iii  i>  the  1 're  hri'ceia.  ^.i  nineh  de^crihed 
all  wli"  hau-  wriuen  mi  Sui'hnry,  in  whieh  fraL;;neiit-~  ^f  .itii 
r'  'ek^  are  enel  i-ed  hy  '  ire  and  iii  irile.  Thi>  i^  ei  in~:dered  h\  ('o' 
man"'  a^  "due  t"  the  fanliini;  and  -.ina--hini;  ■•{  'he  tinderlvii 
ri'ek  "winu  i^  the  in^tiiiii^  'i|'  the  niekel  hearini;  mai^ina  in  reae 
in;;'  the  pre-eiil  p"-itiiin."  and  1)\-  "the  hi'tt'im  !!  -ile  hit;li 
ehar^ed  with  sulphide--  .  .  .  enel"--ini,'  many  tra.L;"ment~  :  'rii  nt'l'  ( 
till'  way.  1  iiaihlles-;  there  wa<  ninch  ,t;rindinL;  "t  1  .ne  ^iirfa 
np"n  aif'tluT  m  the  pr^ee^s,  aei'nint'-  ,  t'l  ir  the  maii\'  r. 'Unil 
h.'ulderdike  fra^iiient^  enel^-ed  in  the  I're." 

1  f  the  I'fe  he  ,'i---timed  t"  have  hoeii  l''>rnieil  h\-  ma^inalie  -e^r 
i;ati''n   then  a  e^  .n~iderah!e  time  mil-t   ha\e  elapsed  hetweell   t 
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-(■,L;io;;:iti.'n  ami  llic  lir-i  niiriHiMii  nf  iW  lua-nia.  I'-r  a  nuir- 
,L;iiial  -r,L;ri\uati..n  "l  ..re  t..  have  lakcii  plai'c  citlicr  liy  .u;ravity. 
i.  .i!vcc-ti..n.  Miikiii.L;  iT\>taH.  .  t  any  ..tluT  iikiIlkI,  llic  nia.Lcnia  ni 
Milpliidc-  nni-t  Iia\c  l.i-cn  mi  a  i\lati\  cly  quiet  ..f  i>as>i\e  >tatf 
ami  iina|ialilL-  ..t  \  1-.  .f.  m^ly  learini,'  ..if  ^rcat  (|uaiililic^  .)t  ira;;- 
iin'in-  ir..iii  Uk-  walU.  1  )itTcTi'iiiiatii  .11  ji.  .-ttilatc>  a  <niu--,c<.-m 
railuT  iliat  \  i^.  .v.  .ii-ly  ni..\iii.i,'  nia.unia.  AN.,  llu-  ira;;;iu-iu-.  ..f 
r.'ik  111  .Tc  laiin..!  rcailily  lie  c\]>laiik-(l  ac^.Tdiiii;  to  ( ".  ilciiiaii - 
'.Km  i".  .r  ilic  rca-.n  that  allh-iiit;h  the  ni..ti..ti>  .>t  ihe  iii.;kel-lR>ar- 
Mi-  iiia,L;iiia.  ill  naeliiii.u'  H^  ]ire-eiit  p.^iti"!!,  u..iilil  i)r..l>ahly  eii- 
i!..~e  l'rat;iiK'iit>  I.'ni  ..it' (.11  tin-  way,  'tlR--c  I'rautiiriit^  \\..nlil  he 
...maine.l  in  the  nn.lilTereiitiateil  nia^nia  and  n^ -t  111  ih.a!  p.  .rtioii 
.  ihe  ..re  I  whiili  e..nl.l  11.. I  at  ihi-  -ta^e  have"  iieeii  diu'efentiated. 
■lher.;i'..re  ilie  hreciia  i:i  the  view  ..f  the  writer  i>  ..pp.  .>ed  t.i  niai;- 
iiiatu'  -eu're'^a-]..!!  ..f  ere  in  -itti. 


IIVllKi.l  IH.KM  Al,  (lK!i,l\. 

l)i.k-...n.  .1-  the  lir-t  -ir.n.i;-  ad\..eaie  ..f  the  liydr.  .thermal 
riL;in  ha~ed  .  .11  iiiirro-e.  .pie  w'.  .rk,  t'linN  -everal  leatnri'^  irrec..n- 
.iuiMe  \\:;h  a  niauniatic  .>ri,L;"in,  wliich  in  hi-  ..piiii.n  in.lieate 
ihi-  .lep"-U-  weri'  l'..riiied  hy  hydr.  .thermal  a.^eticie-. 

The  niieii.x-.  ipie  I'li.k'iK'e  whirli  he  ihul-  ..I  repla  .enient  ..I  the 
r..(k  l'..rniin.L;  mineral-  hy  -tilphiik-  after  hornhlende  and  n-  a 
iie;u..rk  i.f  \einlei-.  -ir..nL;ly  ,-ti^s;e-t>  that  they  were  earried  in 
-..Ini'.  .11-. 

'ihe  (level,  .pineiu  ..f  >ee.  .i/tlary  h.irnhlende  in  the  xieinitv  -.f 
;liv  ..re  and  the  in.  .re  e'.niplete  alterati..ii  ..f  the  n  .ek  where  re- 
lilaeement  hv  sulphide-  ha-  heen  111. >re  e.  .inplete  i-  m.ither  argu- 
ment -ir.  .n^ily  fa\.  .rin.u;  hydr.  .thermal  ..ri.L,mi. 

'Ihe  pi\ -eiue  ..f  -ee.  .ii.larv  quartz  ;ind  ealeite  in  the  . 'rt'.  hnt 
-earoer  at  a  little  di-tanee  fr..iii  it.  further  -UL,';j;e-l-  -.)me  relati'.ii 
hetweeii  the  ..re-  ami  hydr.  .thermal  >.  .Inti.  .11-.  'The  ain..uiits  of 
:he-e  minerals  are  verv  suhonlinate  t.i  ihc  sulphides  nf  the  er  tup 
as  a  wh..le.  Imt  in  the  ..no  '.r  two  mines  i)lay  a  i)r.  .minent  part. 

'I  hi-  w  i.lespre.a.l  hreceiati.  .11  ,and  -heariti^'  in  wliieh  ..re  eeiiients 
'".  .ek  !'ra,u:menls  and  ..ceurs  al.  mi;  -hear  planes  i-  eert.iinly  a  sir.  .!!:;■ 
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ar^niikiii  a-aiii-l  iiia.i;n!;uir  -c-rt'.L;.-!!;' •ii.  Init  < 'U  that  ae'c  lUi 
lint  iifci'N>ariI_\  ail  armum-nr  in  la\'T  i>l  liMlr^tluTiiial  cri^ii 
a|)|ilu-il  liy  Dick^'Mi.  !'■ 'P  it  may  appl}-  r(|ualiy  !1  I.j  tlic  iiiud 
iii:i,i;;iia;ic  li\  p^iln-i-  ])rM|). -c-d  hy  1 1. .wo.  'I'lic  atiL'ular  sliap 
lIiL-  iiuluiled  ri'ik  rraL;ini.'ii'>  i>  i-i.ii-idcrcMi  hv  Ditk-.iii  to  he  ( 
full  i'>  niiai,'!rn'  ■'ii  the  lia^i^  "f  iiia.uinalic  -c^i'cija'i' 'ii.  It  w 
he  ciiiiall)-  (hriunh  l..  iiii;iL;iin'  th.ni  lia\  iii^  an  aii,L;nIar  i'mti 
:hi-\-  ari'  rr~i(hiaK  of  a  nuk  tliat  had  K-cn  rcplaci'd  liy  ..n 
mean-.  ..f  -.  .hiti.  .n-.  iNO])lati'mrnt  nncU'i  arc  ii-u:illv  smmii 
.md  r.  .iindi-d  hy  the  rf]il,u  iii.t,'  s.  .hni..ii-  '' 

ALrain.  I);(k>'.ii  n-c^  a^  arL;iimfiu>  in  t'a\.ir  •■{  li\  dr.  .tluT 
i.ri^iii  tlic  ahnipt  ch.aiiijc  -.>  ..ftvii  ii. .tired  f r.  ni  ma~MM-  >iil|ih 
{■'  l)arr(..n  vrk;  tliat  >iiIi)hiiK-  arc  i)raciicall\-  lacking  ;ti  the  i 
.1  -!i.  .r!  di~laiue  a\v;i\-  f  r.  .m  the  ..re.  rnid  that  included  r.nk  f: 
r.teut^  are  (■.  .miiarati\el\'  ''''ee  I'r.  .m  "Vi.\  exeeiil  in  \einlel~.  'Id 
|i.  .ml-  are  certamly  ..|i|i.  .-ed  t..  a  maL;niatic  -eL;rc:^.'iti.  ui.  hut 
11'. I  necessarily  indicate  liydr.  .;hermal  ..riLtin.  The  ci.nceiitra 
"t  c..|iiier  Ii.  .\\e\er  in  the  f.  rm  ..f  \einlet-  ira\  er-inj,'  in.rite 
l)\rrli<.tile  -u,L;.t;e-ts  <..Iuti..n-. 

'Mill-  |)iik-.  .n'-  ])aiier  ..ii  the  wlL.le  |ir.  .cliice-  many  ar.Ljitnii 
wliiih  ..|i|>..-.e  niaL;matic  -i',i;reL;ali' 'ii,  hut  d.i  n.  .1  nece--arilv 
h..Id   the   hyilr.  .thermal   -.ri^m.      I;    aK.  i  i;i\e-;   many  ar,i,Mini( 
wliicli  indicate  that  Ii\-dri>tlierm.al  -..luii..ns  Iia\e  heeii  a  factn 
the  f..rmati..n  "i  the  Siulhiiry  ..re<. 

The  \v..rk  rif  Cainpliell  and  Kiii,i;iit '''  al-i  sii,i,',iL:e>;s  the  Ina 
tliennal  ..riL^iii  in  -h..\\iii,Lj  that  the  -iilpliide-  dccur  later  than 
r. 'ck  -•ilicati'-  anil  in  the  del'ini;!.-  ..rdiT  i.f  ]i\rrh. 'tite  pentlaiii 
;md  ch.alci.pyrite.  ITirther  the  replacement  ..t  ..ne  Milphide 
later  --nlphide-  and  the  repl.icetiuiit.  r.  >iindin,ij;  ..ft',  and  tilliii- 
iracture-  ..f  r- .ck  -ilicate-  hy  >iilphide-.  >u,t;.ije-t  hydr.itlier: 
.<'  'Inti'in-. 

\  further  appeal  t".  .r  a  h\ilr.  aliermal  cirij.;iii  i-  in  ])e  f.  .uiu 
KuiL^hl's  l:i!e-t  ci!ilrihuti..n.'''  where  the  chief  arminieiit  i.s  t 

<■  Frviiii;.  .1.  I)..  I".i..v.  Cn.i  ,  \,,I.  (,,  ,,.  ;_.-    ,,,,, 

•■'•■■  Mii-r.-iriiruin-    ..f    Ni.killuVr.  .iis    !">  rrli.  .tit<s"    Iv  i.x.    Gi.n...    \"..; 

'^•■■0,-]^:n  ..f  ;hr  .<ii.i:.i!i-y  Xi>k.-:-.-..iii..  r  D,,,.  .,ii.."  /;,,„  „,„/  .1/,,,  ;, 
\  ■.!.  i.'i.  |.   Si  I.  I. ,1(1. 
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the  iiia;^iiia!ic  ^c.^R'^ati.  oi  iIu'Mry  "is  uiUcnalile  mvins  to  the 
sinutnial  am!  a,ue  rclaiii  ni^hip  "i  'iie  vn-k."  It  i-~  -linwii.  tor  the 
I  ■rcii^hi'rii  iiiiiU'.  that  the  ■■iiU'hen  sulpliides  enuld  imt  ha\e  set- 
tled to  till'  h.  itt..ni  of  the  li.irite  iiiai;iiia  and  reMed  on  the  ^'ranite 

l'"it\vall.  ("f  the  \en  i; 1  rea-i^n  thai  ihe  granite  was  n..t  there 

when  the  iiorite  \\a-  erupted."  Sinee  ore  ])enelrates  tlie  ^'raiiitc, 
and  Knight  >liti\v^  the  ,i;ranite  intrudes  tlie  norite.  it  i-  elear  that 
;he  ore  nui-t  he  later  than  lioth  norite  and  ,i;rainte.  and  t-annot 
ilieref.  ire  he  a  sf^re^aiioii  from  the  norite.  Ki;ii;ht's  work  dem- 
'•n-tr.itt-s  tlii-  ])oint  \ery  elearly.  I'he^e  strnetural  relations  of 
the  granite  and  iii'rite  ha\e  k'll  Knii^ht  to  c  .neliide  that  no;  onl_\- 
i-  the  niai^'niatu-  sei;rt'L;ation  theory  untenahle,  lint  the  ores  were 
f'irnied  ::i  "a  period  nf  (ire  formation,  dnrinj,'  wliieh  solutions 
linnl.ited  alon;,'  and  near  the  eontaet  of  the  f^ranite  and  norite 
;iii  1  dep  ted  the  niekel  and  copper  sulphides  wliieh  form  the  ore 
ho,ly." 

While  the  >tnii-tund  relation  of  the  granite  and  iioriie.  lirou;.;ht 
out  ill  thi-  the-Ty,  drills  a  fatal  lilow'  to  the  niai^unatic  seL;re- 
uatioii  h\p' itlu--:<,  it  d^es  not  nei'e-<arily  follow  that  hecattse  a 
ri\al  \ie\\  i-  \  ampii-hed.  the  coiielu^ion  of  a  h_\  drothermal  origin 
i-  the  onl\-  al;erna;i\e.  for  it  sup|iorts  Howe's  modilk-d  ma,i,Mnalie 
iheory  ju>t  a>  niueh  a>  the  liydrothermal. 

Km'ulu  aKo  emphasizes  the  oeeurrenec  fif  ore  in  the  W'orihin.i;- 
t^n  niiiH'  which  hv  its  structure  ;uid  mineral  eoniiiosition  inilieates 
Indrothermrd  action.  .\!1  writers  a,i,'ree  th.at  the  Wortliin^ton 
ore-  ha\e  heen  affected,  if  not  lar.i^ely  formed,  hy  solutions. 

Knight's  e\  idence  that  the  smiihides  mi.x  with  older  f^reeiislone 
and  urav  wacke  and  \ount;er  granite  in  the  -ame  manner  in  which 
they  mix  with  the  norite  certainly  argue--  against  a  iiiagniatic 
•-cgregaiion.  hut  again  an  argunieiii  again>t  one  theory  does  not 
support  an  ojipi.-iiig  tlieory.  unless  there  he  positive  e\  idence  in 
i;s  fa\or  a-  well. 

The  writer  agrees  with  Knight  in  *o  far  as  he  shows  the  mag- 
ma! ic  segregation  hypothesis  to  he  untenahle.  but  f.'iils  to  I'ind  in 
his  arguments  imsjii^e  eviilence  actual!)  suppoiiing  ,-t  hydro- 
ihernial  origin  for  ;dl  of  the  de|iosits.     I'ntil  such  is  fortlicoming 
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Mdl'Ii  II  ii   M  \i.MA  I  i(    iilMcIX. 

I  I.. we'-  :iiUTiirf,ati"ir"  -f  llic '.k cnrrciirc  ■ 'i'  lu-  ^ii.llniry  .i 
.jilli-r^  -.iiK-\\I;,a  iri.111  'hai  -f  -;lu-r  m1,mt\  .r^.  1  Ir  I'-nml  il 
ill  ilu-  I  rciu;!'.!-'!!  miuf  tluri'  ;>  11. '  L;ra^lali"n  I'r'iii  "re  {■<  IM 
111  ilu'  |n'ir"L;i'a]iliu-  xu-r.  \n\[  ilitri'  ;~  a  L;iMilaii' ^ii  iliu  '■•  a  nui 
aiiiral  >ii!\liii\-  "1  "iv  and  r^rk.  \\v  r-iii-idiT^  iliat  :1r'  iiniiii 
iniMiirt-  .  ii'  fra^nim:^  f\  i^raii-ir.  L^ia-cn-l.  <v.v.  aii.l  ip  >iito  in  ilic  > 
lincliidr-  a  nuia- 'iiiai  ir  ..ri-in  ami  tlia'.  ihc  iiiicT"^-.  .pic  \\. 
-tr.  .ni;lv  Mi^^f-i-  ;Ik-  -nl|ili;iii'>  vmtc  .  iri;:;inally  inir.  njiniil  ii 
in..lli-n  Mall-.  'L.  i-xplain  all  jlu-f  c  nidi;  1.  .n~  iic  ]ir..i.-v.l 
iiiUTc-iiiiu  n,..i!;rua!i..n  .  f  tiu-  iiia.uinan.'  Ii>  ].  .'liv~:~  w  h 
ac.-  .mil-  1".  T  the  ..re  a-  lia\  in^  liceii  iiur.  .diiced  m  a  111. . hell  e. 
dili.'ii  llir.'n-li  a  diU'ereiinati.  .n  m  tlie  inai^niatie  re-erv.  .ir.  al 
die  n.iri'e  lia.l  r....le.L  llm-  the  ..re  \\..uld  he  r.  .n-idered  a 
ina.^iniaiii-  dilVerentiali' .n  jir- ..Inei  llv.n.uli  n..t  a  nia-ui.atic  -e.i; 
.L^ali.'U  111  -iin. 

■jdii-  i^ne.in-  llie..r^    reriaiiiK   are. .inn-   l.r  die  ..re  lireeciri 
wliieli  I'raunienl-  "i  r.  .el-    are  letnenled  \<y  .-re.  ami  eNplaiiis 
iiiiiner..n-  \einlet-   .'I   "re  wlneli  nit   aer.  •--   r^  .rk    Iraunten!-  ; 
penetrate  tin-    l'...  .twall   r.  .ek-.      dlie  ..|l'-et   d'.p.  .-it-  may  al-.) 
readilv   e\pla!ned   K\-   tlii-   llie'.ry.      It   aecniil-    {<<r  tli..-e   ni; 
tr.  .nl>le-..ine  ar-unient-  alrea.ly  e.  .ii-idered   which  the  aihdc; 
..l"  the  hvdr.  .thermal  the.  ry  have  hr.  n^ht  a-ain-l  the  ma,i,'nr 
-e-re-ati.'ii    li\  ])■  .the-i-   and    apjilied    a-    p'.iiil-    in    lav.ir   nf 
alternative  hydr.  .thermal  the.  .ry.      A-  p.  .iiited  •  .nt  previ..u-ly 
ar.i;timem    aL:ain-t    the    mai;iiiatic    -e^rei^at;.  .n    the.  .ry   d<.os 
ne.e--arilv  imply  'hat  it   fav.  .r-  the  hxdr.  .thermal  the.  ry.      '1 
ni(.dit"ied  ihcrv  ..f   ll-we'-  explain-  maii>-  -nch  p..inis  that 
e(|nallv  inc  .tnpatihle  with  the  hydr.  .thermal  hvji.  .the-i-. 

'idle   e\idence   jir.  .dnced   later   I.\-   KniL;ht''    that   the    1. ..  .t\ 
granite  at   the  (  reiL;ht..n  mine  intrude-  the  11.. rite  d.'e<  n..l 

■  ■  ■■  I'clr  .lur.!].:!;.  ..1    N-l.-    .'ii    llir    Su.l'.iiix    ^'i^l^^I    I  ir|.  .-a,"    l'....x,    (', 
\   .1.  .),  I'.  ,;..,!.  Ml ). 
■'■'  Of.  ii>. 
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\al:clati-  ll-wr'-  1i\imii1u-i^  Mn  'he  ^-iitrary  mk'Ii  cvidi'iuc  i- 
,l:r<Hi'iv  111  ki'fpin-  uitli  ii  U  tin-  "re  In'  rcL;ariUd  a-  lia\;ii,-  liocii 
miriKKd  aitrr  llir  -laiiiu'.  ;liii-  plai-iiii;  ii  in  tlie  -anic  ai,'e  ri'lat:"'! 
,,,  ;i^.   ,|,,vi'c  ami   .uraiiiti-  a-   d'H'-   Kmulit   in  his  1i\(1p  >lhcnHal 

ilic'  ir\'. 

W':::.  II..Ac'>  'ii>ii"tln-:-.  rclic\t--  I'-ili  liu-  nia^^mati'.-  aii>!  Ii>- 
.Ir.  iluriiial  tlif-ric-  nf  many  ..lijiTti. 'nahk-  t'l'aiiin.'-.  it  <l'n.--  n'll 
ai\-iiiil  I'T  ilk'  iiiar.t;inal  p"~iti.in  ■•i  tin-  ^rc  N.  ulu'-  with  ri-^pvi.-i 
,,,  iln-  ii.ir;;r.  (  'Ml'  W'iiild  v\\n-i[  it  the  Mil|ih-.df>  uru-  iiitriuki! 
in  a  111' ■lull  i"ii(hti-n  lattr  than  the  ii'Titi-  'hat  thry  xviilil  ii"! 
ne(i-ar-Iy  ha\e  aii\  rrlati'.n  uliali'\«.T  t..  the  niar-in^  -l'  the 
n..riu-,  while  the  iiia-jiiatie  ■.e.i;rei:ati' 'ti  ii--;ii!at(.  ~  Muh  a  niar- 
^:llal  i)'i-:t:"iu 

liia-iiiiuli  a>  il"we'^  jiaper  .leaU  rhielly  with  peir^-raiihiral 
iimU'~  ..1  :lu-  Stulhiirv  re,ui"ii  lie  il"e~  n> 't  -mil  tip  >  t  ili-eii--  e\i- 
(Kiiie  HI  l'a\"r  "l'  ■  if  a,i;a:ii-t  hi-  -n;;,ue-tne  hyiM.ihe-;-;  cn- 
-ei|iieiill\  he  "ll'er-  ii^  ■  explanati-n  a-  t"  h"W  hi-  hyiciihe-:-  waiM 

■■.in  lie  the  iiiaruiiial  p'.-ri.iii  ..l'  the  ■  Te  Ivdie-. 

Tlie  -tnutiiral  lelatii.ii-  at  the  (■reii,'lit.  m  niine.  which  l[.A\e 
a'l\  anre<  lii-  niM.hlied  iiia^iiiatie  h_\  p' .:he-i-  t-  explain,  iiii^ht  .'il-j 
lie  are^nnted  f.  t  hv  the  ina.yinalie  -e'4re,u;ali.  in  theory  it  in  that 
pf'ice--  the  -ei;TeL;;i:ed  -nlphide-  he  pre-niiied  "ti  aee..niit  "f  their 
L.wer  I'li-i'.n  pMinl-  t"  have  remained  ni"lten  Lm^er  than  the 
haiiL^mi:  wall  n..rite.  'i'liey  mi.;ht  then  intrude  and  eiicli'-c  fra.i;- 
iiieill-  "1  alread\'  .-"lidilied  ii'Mate. 


Mdhlllia)    lIVIiRi'l  III'KMAI.   nuK.IV. 

'i'.'lirin  anil  K' i,L;er-"'-  heliexc  the\  reconcile  the  a!in"-t  dia- 
inetrirally  upp. -ite  view-  uf  the  -upp^rler-  "t  the  In -'r.  .thermal 
and  n.a.nniatie  -ei,Te,<;a!inn  thcrie-.  'I'liey  Udieve  that  the  cre- 
are  mai;tnatie.  _\et  t'Tiiied  hy  me.an-  of  "  iiiineraliziii,i,'  sululi'ins" 
'  iT  iiiineralizer-.  'I'liev  -tate  that  the  -nlphiile-  -nrrunnd,  eiit  across, 
:i;iil  replace  the  r. 'ck  -;licate<  and  are  therefore  later  than  them, 
and  thev  pre-eiit  micri  i-ci  ipic  evidence  which  they  inter])ret  to 
indicate  that  the  -nli)hides  were  fornieil  hefore  the  ludroiherinal 
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aluTali-ii  "t  till-  r-ik  -iluati--.       Ilii-  i-  li.i-i-il  <  .n  I'liiir  "b>t 

I;. ,11    tliat    ii-cihlMii'ii-pli-    "t'    trfni..liU'    ami    i)M-.-iljly    laU: 

fMniiid  a-  a  li\  .lr-;licni)al  -Ili-raii-ii  iir^iliu'!  after  liyitt-r^ll 

ami  ihai  >  liali  ■  ijiM-iU',  whuli  i  uN  arr. '-  ilic  ii-tiidi'iii' irpli'-  ii 

I'.iriii  lii  \riiiKi-.  lia-  ii"t  uaiiiK-ri'il  'ii'"  tlic  cratk-  "I  lla-  tn 

liir.   aii'l    i-  llnTrf.iia-  t'arluT  ilian   lln'  altci  a;!' ,ii.       I  liry   w 

lliM~  ]>IacT  tin-  ],ir'',(l  "f  niiiuTali/a!  i"n  alttT  the  en-.,  .liilati' 

tlic   ii,,i);c.   an.l   Ix-foii-   t!ii>  IimIi. 'ilicniial    -■lir.i-n-,    -.vliicli 

anat'd  a-  an  aiur  (.■tU'Ct  "t   \h.v  inlrn-i.'U.      'I'lux    f  m-alcr 

the  nrc-   arr  ii'l  ina;^iiialir  in   tlu-   n~nal    -rii-r.  liocan-i'  till'} 

lain-  ili.^     an.l  la'plua'  t'lc  y'<d<  -il-aan--.     '\'\\c\   \<v\n-w  tliai 

were    (|r]i..-iu'il    liv    "  niiiUTali/in.i,'    -..liiti-n-"    ln'(an~f    "1 

ia';;nlar  .'nlrr  ;n  wliuli  the  Mili)liiik---  are  lUp-Mleil  "iie  alle 

.■;lur.  and  the   lael   ihat   "lie  rei)laii.~  ;lie  ..iIkt.''       lliey  il. 

e..n~i(ler  them  :■■  he  ..nlinafy  liydr.  .ihennal  cle|>'i-il-  heean- 

f.  MHiali'iU  'if  'lie  Milphide-  :-  lh"n;^lit  t"  iirerede  tlie  h>di-.  illu 

aherati.Hi  "i  the  r.  k-K   -iheatr-.      'Ihr;.    al->  think   the  snip 

e^iild  n.ii  lia\e  heen   iiitrnded   in  a  ni-llen  ^tate  a-  -ns^C-tt 

ih.wr,  heean-e  thvie  ;-  n. .  e\  idi-nee  ••{  the  metallic  -ilicale- 

narti'.n  rim-  whieli  they  helieve  .-lunihl  result  hy  e.mtaet  < 

ni'illen  -nlphidi-  wiih  the  r.  .ek  -ilieate-  and  earlier  -nlphide- 

In   retainin-   the  term   "  nia,L;nia'.u- "   t.i  lit   m   uiih  their 

eepti.in  n{  ihe  Sndhtn-y  dep.-ii-.  they  deprive  it  "I  Us  en^-tn 

iisa.ue.      Acaptinu'  l"'.r  the  m-ment  the  inter]iretati"n  nf  tlu 

tjiven  l>v    {'..Inian  ami  K-.^er-,  there  is  ni..'-c  jn-tilieatii.ii  in 

inir  ihem  In  Ir.  .llu-rmal  rather  than  inat;niatic.  ina-~nnieh  a? 

are  eMii-ideri-d  !■'  ha\e  heen  tran-p^rted  and  dei>ii-ite<!  hy  mi: 

izini;-  -■.hiti'.n-  in  the  ~ame  manner  that  an\-  hxdrnthermal  i 

its  have  heen  l".  .rmed.      'Ihey  -i-parate  thi-  type  fmrn  the  h 

thermal  liyji.  iihe>i>  advealed  h\   nthcrv  heeau-e  they  Inid  ; 

(if  altcratie.n  uf  n  nk  silieate<  aee"mi>anyin,i;  tlic  de]KKition  < 

nre-.      Wiiile  thi>  i-  clearly  a  di-tineii.  ,n  in  the  cileet-  nf  1: 

thermal  minevaiizati"n,  it  d.  le-  n. -t  appear  in  the  writer  tri  i 

a  dill'ereiil  t\pe  ..f  pmee-.   f^r  the  eii-t..mary  tisa^a^  of  1 

thermal  prm-e^e-  doc-  imt  im[ily  r.  .ck  alteration  a-  an  e.- 

pai't  of  the  pr.  .ce--. 
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11k-  v.riter  i>  thn>  unahle  t--  -ee  in  what  \\ay  tlie  .ir-iiiiKMit-- •  •! 
|,,i„,,ni  and  U-i'^er.  eMahh-li  any  lull  a  hydnithernial  uriKin  f-r 
•l,c  SndhiiiA  ■  ie~.  and  it  i>  iMt  elear  t-  him  hnw  their  hypoihe-i- 
rre.^iude.  •'the  ahm-t  (Uanietrieally  ■  iiimMte  views"  uf  the  inai,'- 
;nat:r  -eure-ati.  m  and  h\  dr^ -thermal  iin.ee-e-^, 

Their'^hviM'tlie-i-  e-iiamly  iloe.  m  ■!  aee.amt   f-T  the  mar-iiial 
|,.,-;ti-n  i.f  tile  lire  Indies  with  re-peet  to  the  intriiMve  m  ir  due--  it 
-^i\e  atiy  es|i!aiia!ii -ii  l-r  the  eMiineetii  m  hetueeii  -res  .if  tin-  ly|ic 
,,nd  the  it-nie  L;:iM)r.i  iiia-ma>.     'I'mIiikiii  and  K-i.-  rs  lay  partie- 
iilar  ,-nii.ha-i-  . -n  the  replaeemeiit  nf  the  r.  lek  -ilieate-,  l.y  the  -nl- 
,,li;de-  while  1  ;arl  'W.  I  )iek-  m,  I  '■  .leiiian,  and  ■  nher-  in  their  tiiicn  - 
M-.ipH-  (U-eri|ilii.n-  e-ii-ider  that  the  Milphide-  are  ciri-inal  cn- 
-iiMient-,    in    the   mek-    and    have    imt    i .  .mied    liy    replaeemeiit. 
Ihiwe'-  eareful  mu  P --e,  .jiie  w.irk'''  revealed  mily  ■  me  certain  iii- 
-tance  -I  replacement  ■<(  n  ick  Mlicate-  hy  Mili>liide-.       \ii  exami- 
nati-ii  hv  the  writer  of -cveral  thin  -ecli.ms  and  p-lished  specimens 
reu-aled  niilv  two  in-taiice>  in  which  replacement  seemed  certain 
:.■  ha\e  taken  place.      It  mn-t  he  c  mcliidcd  then  that  the  ahnn- 
d.int  evidence  .if  replacement  imted  hy  T.ilmaii  and  Rn^^er=  can- 
„.-t  he  tvpaal  -f  all  the  Sndhnry  nre-.      In  \  lew  nf  the  evidence 
dMwn  hv  nther-  it   is  incrrect  to  apjily  hr.iadly  the  thenry  ..f 
rei.Iacemeiil  t"  explain  all  "f  the  Sudlniry  nre-. 

SfGCr.STI-.n  M(^li!l  ii-:i>  IIVI'OTIII-'.SIS   i-i  iR  (iKICIX  OF 
SfDUL'KY  OKl'.S. 

l-'roin  the  almve  di>cnssion  of  the  (liffcrent  views  advocated  for 
the  (ivi,L;iii  "f  the  Sudhnry  ores  it  may  he  seen  that  their  genesis 
i<  complex  aiKl  that  there  is  miicli  conflict  of  oi)inion  re,t,'ard- 
mi;  them,  Imth  as  to  interpretation  of  data  and  ohservations.  I  he 
..pp..Mii,i;  hvii..the-es  .-et  forth  an  array  of  art,mments  and  facts 
that  i>  per-na-ive  when  one  liypotlicsis  alone  is  considered.  All 
nf  them  pre-eiit  ])lan>il)le  and  convincing,'  points  which  are  not 
exjilained  or  set  aside  hy  the  opposing  arguments  and  are  worthy 
to  stand  in  any  cnn-ideratinn  of  origin  of  the  Sudbury  deposits. 
It  thu-  appears  to  the  writer  that  an  hypothc-is  that  woukl  em- 
hr.ice   the  convincing  arguments   of  the  <ippn-ing  views,   if   in 
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;i.^ri-i.-i Ill-Ill  Willi  '  •ilicr  ■  'li-tT\  at  i'  iii~.  \\  "iiM  In-  :i  C'  'frii  i  "iii'. 
iiif(liiiL;K     lie    |iri-i'iil>    a    up  ililkil     Ii\  |>' .llif-i>,    wliiiii     l"ll' 
ll''\\i''~  aihl  iniKraiH''  aii'l  i' 'iiiliiiu--  ^.iinc  '■!  tlu'  It  ainrc--  "I 
MiliiT- : 

A  iiiamiiaMr  n'~<.-r\"ir  ina\  Ik-  |irf-nim'il  {■<  haw  iiii'lcrlain 
Siiiliiiir\'  rr,L;)"ii  ami  I'l  liavc  C' 'lUaiiicl  a  inaunia  "i  pruis 
iiilrrniiMlialr  i' .11  !]!■  i>Ui. -ii.  I  lilUTriU  iai  i"ti  "t  lli:-  liiauiiia  ill 
ia--ir\'iir  l'"'k  ]>la(i-.  Inil  liil'^ri'  it  \\a--  ("iniiliii  il  a  |i^irii'Mi  >■ 
\\.[-  I'xiriiiKcl  !"  l"rni  tlu'  "niikt-l  i'ni]i'i\i'"  I  In.'  txirii 
|j'irli"ii  ilicii  ("iilmiu'il  !'i  .lilicri'iiiialc  in  il^  n]i]irr  rliainln-r 
L:a\c  r;-r  1"  the  (liU'iTi'iil ialcil  iiilrii-i\c  a-  ili -i  nlrcil  li\    I'.arl 

I  '■  ilciiiaii  ami  •  ■\\vv-  with  iiihT'  iK-^iiiatitc  L;railiiiL:  il  'W  iiwaril  ; 

I I  "fit  I.'.  I  111.'  -  ilpiiult'-.  eliii-lly  |i\  rrlii  i!  ill',  (■'  iiiiaincil  ill  thi--  iiia.L; 
Iicraiiu-  ■.(■L;rcL;a!cil  at  'lie  l.iwir  ]i"ni'in  ^t  ihr  n^'i-iti'.  tlu-r 
aia^uni  iiil;  I'T  ilir  ]i\  rrli' 'tiU'  n^rilr  aii'l  ]nrlia|i-  a  iiiin.ir  ]iar 
ilk-  i.n-  IhkIu--,  In  ilic  nuaiimiu-  (I'llcrt-iiiiali'iii  iif'^fi-doii 
till-  ri-niaiinlrr  "i"  pu-  iiiav;!iia  ii'  ;ln'  rr-ci-\ .  .ir  hi-i^iw.  ami 
iiia,L;itia  may  In-  i-'  in~i.K'rril  1"  lia\  i-  du  hK-'I  it -el  I  iiii"  an  ac'il 
lia^ic  ii":'ti'>n.  miuli  a>  diil  tlu-  |imi-;.iii  pri-v  i' iti-ly  (.-xuiiik-il. 

A   I'nriluT  cMiu-iiiii  I'.i-n  t""k  plai'c-.  and,  t!ie  arid  p  ■n,.in 
iiiji-i'tt-d  In- 1  Weill  tin-  already  >'iliditk-d  ii^iriu-  and  tlu-  •,'ri-en'-tn 
a  pr'iIiaMc  line  fi  \\eakne-~.      l'|i  .11  e^  iii-i  ilida' i"ii  it  i;a\e  ri~i 
tile  later  ui-aii;te  de-eriln-d  Ii\   Knii^lit.      I  ■  ill"\\  iii;^  tin-,  tlie  p: 
e  ^    a>    eMiieeivcd    1>\"    ll.iwe    nia\"    lie    <'•  ili-tdereil    t'l    have    ta 
plart',  and  a  rnfiln'r  expnUi- m  ^f  tlie  iia-ie  pMni..n  I'f.iiii  tin-  re 
\'a'r  i.renrred,      Tlii-  ■.'' lU^i-ted  "f  a  inau'ina  "\erl'ia(led   \\illl 
])liide-  \-,liK'li.   liv   I'l 'ii-i  ilidati' '11.    l''>nned   the  i;realer  jiart   <i\ 
'■re    li"die~^       The    )ieei!liar    |ieL;iiialitie    inelu-iiiti^    ile^erilied 
Ih'We  niay  re]ire-ent  -"me  nf  the  r-ak  matter  that  ua-  exirii 
with  die  -iilplmle-.      Still  later  e\piiKi"ii-  wmuM  L;i\e  ri>e  t'l 
dike-  whii'h  eiit  the  "re-  and  pre\  i' ni-le  iiitnided  r^  iek< 

Where  iune^n-  intru-ii'ii  and  dil'l'erenliati.  iii  ha<  taken  pi 
a  n-nal  alter  et'l'eet  represent iiiL;'  the  liiial  extrael-  i-  Iivdr^llier 
-.  hitiiiii-.  Till-  -.'Inti'iii-.  tr'iiii  the  Sndhnry  maf^ina  re-erv 
-iinilar  t'  1  th'  '-e  whit-li  ha\  e  !■  irmeil  tiii  i-t  ■  're  de]n  '<it-.  w  1  'iild  ^ 
tain  -"ine  nietaliie  mineral-,  and  their  eircnlati^n  akin^^  the  1 
i'f    [irevii'ii--    iiitni-i(iii>    nni;ht    -tiperim[ii  i-e    nii    the    previm 
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Kiii-lil.   Ii'lni.in  :iiiil  K".i;iT-.  and  >itluT~ 

l!i:-  iivililK-il  luiM.ilii'M-  w.iulil  llni-  I'Xiilaiit  llu'  "Ti--  !•>   maj;- 

■  ,,;:.    -i-uri-uaM..ii.  nia-niatir  dilUTi-niiati. -ii  ni  tin-  ina-ma  rc-iT- 

i.  and  !i\dr-llurinal  aili-ii.  I'Ut   ;lio  ^;ri'aur   pari  -I    ilic  ..re 
,  ,]'<-  W'lild  lie  a>r..iniUMl  i'.  r  li\   ll"Uo">  li>  p.  .ilic-i-  ..1  diH\-n-n- 

■  ,,i!..n  111  '.lie  n-iTMur  and  inlni-i"ii  a-  a  ■^lIll>llldt•  ina.i^iiia.  I  lu' 
-.■,|iuiHc  Ml'  i.L;nt'-n>  i-m'H'.-  iini^lit  In-  diai;ra!iiiiiaiu  ally  (.-xprf-Md 
,1-  MJl-u-: 


I.'orl  tf 
la'-ruBlon 


"oU.ilf  loat.- 
Ijn  of   rior\to 


Ira.tJ  ">■'    In- 

t:   IB'.  VI    <lr:,l 

8>U41f  Icnt- 


Or.! 
l;i',ruol  1-1 


r;.(i3'-'    of 

J  re 


I 


Dl<oo'j;!yJrj- 


Fir,.  l(,.  Tlu  dik.s  wliR-li  lilt  tlir  .in-  .ir,-  pLiiic!  in  llil^  t.il.lc  privi'iU-;  tn  tlu- 
:i\<lr. •tin-nil. il  -nliitinn>  uliiili  l.r.iimht  in  tlm-c  iMiii-.i!  ln'Ir^  t1urm.il  iiriur.il-. 
i'Ut.  in  llu-  al.Miui-  of  (Ulinitc  sl.iti  iin  nt-  c  miH  mint;  tl;i -i'  rflatmii-.  tin-;  po^i- 
i'..n  inav  l.i  incrnit  ami  tluy  nia\  liaM-  l.nn  intrn^ltd  dunnn  ..r  aft.r  tlu- 
-..••'..■i!  ..f  liMlr.. therm, il  iniiurali/ati.in. 


Ill  till-  liviiMilu-i<  pf^iMi-cd  ali"\i-  lluTi'  remain^  ihi'  <lillii  iilty 
•  I  ari'Mintnii;  V-r  the  iiiari;iiial  iM'^iii,.n  i.f  ilic  "re  Inxly.  1  hi-- 
l.-i-,,i..ii  niav  lia\o  Ik-cii  lirotiLjlu  ah' 'lit  hy  the  iiitrn-inii  "t  tlio 
m^'hi'ii  sni|)hidc-  with  -'■iiH'  r-rk  inattiT.  al'iiir  the  /.tie-  nt 
ta-ie^t  acre--.  The  e'liitaci  hetweeii  the  tl.'rite  and  adjaecnl 
r-.k-  W'iiiM  [ir. 'liaMv  he  jilaee-  "t'  \\■eaklle>■^  ta\nral)le  I'^r  ~m'h 
■luni-iiii.  Thi-  eiiniaet  may  lia\e  hcen  rendered  esiKH'ially  weak 
h\  I'r.utiirin.u  hnni;,du  almnt  hy  tlie  eiillaji-e  ut  the  fln.ir  "r  hy 
the  withdrawal  and  ^ettlin.i,'  d'Avn  intii  it-  e mdnit  nf  the  tjia,L,'nia 
alter  it-  in'rn-i'i'i.  thus  e:ui<ini;  a  .-Imnpin.i;  nf  the  intruded  ma-- 
and  it-  M\erl_\iii,!,'  ';e<liment<,  ,1,'iviii!;'  it  it-  -ini^n-like  f^rm.  ."^nch 
-him|i:n.L,f  would  cau-e  a  niiiliirin^'  ak'Hi:  the  marj^in  "I  the  in- 
ini-;'-e  and  j,M\e  rise  t"  zmies  nf  we.akne--  wliiTe  later  intni  '\e-. 
-iiiii  a-  an  mtni-i'.n  nt  ni'ilten  -tilphide  with  -nine  ri  a-k  matier. 
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,,,,,1,1   ,;,K,.  ,,!,„,.       Ilm^   ill.'  f.irlur  -n]\,\v>U-   tniriiM...i,   u..u1 
,11  iMfl,  I..'  Mii>t-nnii...~ol  iil'"ii  tl>---  ^'-irli-r  mi1].1ii.1c  ^i-n'.^ati' ■! 

!,!<(  Is-K.N   ,,|-  I'KMl'M-M)  IIM'Mim  H-    \Nli  Kl  l.\ll"N 
pi  <  ,  I  III  I:   m  I'l  M  III  -1^. 

11,,.   ,„-..i,.,mm1   hxi-.tlu-i-    v,.inM   ;HV.,i,m    i..r   ilif   ],yrr\vU 

,„,r,tv  .l.Mril.ol  hy'l'.,n-l-w.  (•■Ifnian.  aii.l  ■•■Iut-  aibl  l-r  llic  ^ 

1,1, i.K'   i.artu-lf.   -,   wi'K'ly   .li-iriinitol   al-im   llu-   inar.L;in   -!    1 

ii,,nu'  h\  tin-  lii-M  iplia-i-  ..1  iinmTali/atiMii  ,  .r  tlu-  niav;inalic  -cj; 

uatiMii  uliah  i--k  i-laci'  in  ill.'  ni.-kd  iTUi.tu.'  alUT  iN  I'Strn-i' 

Th.'  main  inar'^inal  -re  \,.Ah'^  -luli  a-  ;lic  < 'n';ulu-n  aii.l  tin-  . 

-,■1  I.mIh-  \\..u1.1  111-  a.f.niiU'.l  I'-r  .hmlv  liv  iln-  -.•,  ..nd  plia^e 

„,i,uTali/a;i.'ii  "i-  1  l-u.-'^  Mi^-c^n-in.l  llu'  iiiini>i-n  ■  .1  ~uli.hr 

o.nil.iiR'.l  ui'h  ~'i:iu'  r...k  niaiirr       Vhu-  iIk'  .  .l..u'.-t;-ii  rai^ol 

C.K'iiiaii.'''  iliat  ll..u.'>  liM.'.th.—  .1"'-  'i"t  .'Nl'l'""  '1'^-  I-y-'" 

t:lc  11. .ni.'.  i-  im-t  l.v  the  lir-t  I'Imm'  "i  niiiural'/ali"ii.  ulnlc 

M'o.n,li.!ia-oa~  -li.,wnl.y  1  i.  .uc  u  .  .iil-l  a. .  ■ 'iinl  |.  t  ilu' l.mvia 

ihara.ur  -I  llu-  -ru  l.-.lu'>  m  Nvhi.li  i  raunii'iit-  "1  r.  .ck  aiv  - 

r.Miii.K'il  ami  in'iU'iralc.i  l,y  tin'  Mili.lial.'-.. 

Tln>  l.m-nalc.l  cliara.'icr  al-nc  wniil.l  n.  4  1h'  -urfinciit  -tipi 

l,,r   ll-\so'~  tlu'.irw      A-  i.r.'\  i. 'U>ly  iiU'iiti.  iiK'.l  -mil  a  -trucl 

oail.l  wi'll  1.0  l-riiK-.l  a.o'r.liii-  I-  the  -i'j;ri'.uati.  m  hyp-ilu'^i- 

the  >uli.hi.K'~.  .11  aa-.ium  ..l   iheir  l.Aver  l"ii>i..n  pciiit.  rcmai 

tlni.l  l..n,::i'r  than  th.'  n.,n!e  aii.l  pciH'tratt'.l  llie  o  .n-^.  .lid.-.tcl  n.. 

-hn~  iiuhi.lin-  aii.l  Mirr.  .iiii.linii  partiek'-  ..f  it.      n..\vever,  ^- 

Ktii,L;hl  >h..\vs  the  .i^ranilt'  t..  he  laler  than  the  n..rite  an.l  the  -i 

kiter"  than  the  -ranitc.  then  the  -re  i~  .  .l.\  i.  .u-ly  later  than 

main  n..rite  inirn>i..n  an.l  therel..re  cnkl  n.'t  he  explaine. 

-e-re,L;ati..n.  hnt  nn.Ier  tlie-e  eiicuin~!aiK-e<  is  readily  expla 

hy  ll.>\ve'-  hyp.'the-i-. 

'  A<  iire\i..ndv  p.  .iiKe.l  "Ut  l.y  tlie  writer  .  .n  pai;e  408  the 

tliat  tlie  iiarr.'W  .like-like  ..penin->  are  I'llle.l  hy  ^ulphi.le-  an.^ 

],y  the  ..ri,i;inal  nn.lilTerenti.ate.l  intni'-ive  i>  an  <.l>jeeli..n  V 

ii'iauniatic  ^e-re.^ati.  .11  hnt  i-  rea.lily  explaine.l  hy  ll..\ve'>  pa 

tlie  hvp.. thesis.      AN',  the  inelnM..n>  ..f  r...k  in  ..re  a>  p..inte< 

..n  paue-li-  \v..nM  he  expceie.l  in  iiiulirrerentiate.l  luagnia 

■   ■l-',.i\-.    ('ill'!,.  \..l.    !'■..   V    }''\    l'.'".^. 
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^  rrli'  'tilf- 

■r  the  >iil- 

m   Ml'   tin- 

iiu-  -i-,i;rc- 

.■Mrn-i"ti. 

.1  till-  "IV- 

1  [ilia^e  I'l 

-nliihiili'^ 

rai>ecl  1)\ 

ic  pyrrh'-- 

whili'  tlic 

Iirccnati'il 

k  ai'i'  >\\r- 

m  ■-ni)i)"rt 
I  -irucuiri.' 

inllU'-i^.    ii 

.  rcniaiiiL'il 
itcd  ivriti', 

1  ilk-  "U'  i^ 
r  llian  llic 
plaiiK'il  liy 
•  fxiilaiiK'il 

(iS  tlio  fact 
k'<  and  ii"t 
liMll  In  tlie 
vc'-  part  i>f 
pi  linti'd  o'lt 
ruiy-ma  and 


;,  till'  dillcviiitialfd  -ulpludi--,  an-rdiii^    "  lln'  ^i'i;rci;ali' n 

,lu-iv       lln'v  w-iild  li..ui-MT.  1.0  I'NpiTli-d  !•■  -niir  m  the 

■indc  111  till-  -anil'  way  iliat  tr.,L;im-iit>  ni  iinadc<l  r-ck  avc  .•■n- 

,,\  111  aiiv  im.niMM-  iiiid.-r  ilic  -nlpliidc  intru-i..ii  li\  p. -tlu'^i>. 

1,1,  t  the  iiialrix  '.t  .,ri'  etu  I'imip^  ira;4iiH'"t-  "t"  mck.  puiurcd  I'V 

•,„,,„,  ,,ii  riatc  \\  III.  "I  111-  artiiU','''  u-nld  appear  I.,  l.c  a 

•      ;,  Miini^i-n  l.r.HTia  il  ii  \\<t.'  ii-t  ^latnl  tlial  ilu'  mains  i>  i^r- 

,-l,.,titf.      \1-'  ll"\\«'''  i."Mit.-iii  that  11  1^  dilVu-tilt  1..  iiiidcr-taiid 

!,,,u   ilu-  lnio-','rauH'd  U.rdcr  'cMurc  -t"  ilu-  n-ritc  >..Mld  dcxcl-p 

•;nd.r  till'  -f^rr;,'ali<.!i  liyp-tlic-i-,  Inil  -luli  i>  n^adilv  undcr-t,  ■■  "1 

!,v  o.ii-idcrinu  llif  -iilpliido^  !■■  liaM-  Ix-i'ii  iiitnid.-d  l.nw.Tii  ilu' 

pn-M^.u-ly  l..rnicd  cliilU-d  .■d^c  ..t   llio  ii-ritr  and  iho  uihUtI.mhv; 

■■        :.k- 

lii,.  pn//!ni.L;  mIui-m-.  iiuln-i-ii-  in  tlu'  -ulplndc^  dcMTihcd  l.y 
H.-A,.  -  and  di-c-n-rd  l.y  ( '.  .jfiiiair"'  and  r.-linan  and  U-.-rr-"' 
:,rr  ,  .„i-MK-rfd  hv  1  l-u  .•  f  ■  U'  iiu  li.-i.  .n-  ■  -t  |. "  'i  u  all  -iraiiiU'.^  and 
!,v  (■  .'rniaii  and  T-liiiaii  and  U-.-cr.  m  In'  diHrrcntiati-  -t  tlic 
:  .  V  r  Taken  int.i  v  iii-idiTali.  .ii  with  ilu-  li>p-llu-i.  ..ntlinvd 
,il,...f  ilu-y  nn.^lit  al>n  In-  cxjilanu'd  iii  liariii-n>  \\i:li  li-tli  ll-we 
;.,d  (  ./u-niaii  a>  tlu-  o.in,  .lidati..ii  ..|   .-iiic  -I   ilif  r^^k  iiiai^nia 

;-;  :;  ace.ini|>anicd  the  inirnM..n  nl  ni-Iten  -nlphidc.  Siuh  a 
ina-nia  w-nld  iiiuk -nhtodly  o.ntain  eharai-tcnMic,  of  the  ^-ranite 
l'."H\\all  earher  dilTeremialed  tmni  it  hek.w.  and  "t"  the  n..rite 
-till  earlier  dilVereiitialeil  fr'-ni  it  in  the  niai^nialie  re-erv-ir.  In 
•lie  ^ailie  wae  may  he  explained  the  e-n-tant  iiudii-i,.n  in  the  pyr- 
vli..tile  .11  -mall  anionnt-  -I  n  .ek  -ilirate-  -luh  a-  pyroxene  and 
iM,:i:i'Kia-e  mentioned  hy  l 'oleman.''' 

Tie  oiY-ct  depo-it-  eaii  he  readily  explained  hv   ilowi-'-  j.art 

I  the  hypoihe-i-,  hnt  a-  i)ointed  nut  ..n  pa-e  4<")  :ire  ditticult  of 
.  \;,lanaiioii  hy   the  -e.^nT-atioii  theory.     As   lloue  point-  ont''- 

Tlu-  NuKi!   Iti'!ii-!r\.'  (  an.  Mmi-s  Kraiuli,  N-.   l,"".  !•■  -»''■  '"'4. 

"  ",".  at.,  y    =15. 
•  l.i.-iii.  ]..  ;iS. 

■  I-,  uN.    r,M.l..    \'..1.    in.   p.  .V.<i.    1'.I5. 

'    I  If.  ill..  ]'.  .''J. 
'  I  :ai.  \>v]<t.  'if  Mine;,  Mini--  Ilranrb,  N'..    IT".  !'•  .^".   l''l,i. 

■  l.'.iv.  (ii.i!..,   \  -i.  'I.  f.   .;-•-■.   I'lM. 
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C.ifm.iii  I-  A'o.mw  lor  ii-ri;i;n  -i  ilu-  -ti-t  .Irjv.M'v 

I  In-  ..l,MM->.,il'.-n-  ..I  |)uk-..ir>''  !liat  llu-  Mili.'ii'M.'-.  ;.!( 
,l,.\d.tnl  ul:nf  .vn-lMi.u  i~  n>  -1  I'l-iv 'HIH  iM  aii.l  that  -r 
vailni-^K  '■>'„.-  a>  a  ..•ii.-n:  |-"f  f-'^  ira,L;iii.ni>  aiul  aL.nK 
,,1,,„..-  M,],;,..,.  Il..u>-  ran  -f  iho  l,Ni...;lu'M-  an,l  a,c  .i 
,,l,„„,,ll,s  ,lu-...^nuat,..„,lu-.  r>  W  hilr  I  .u  k^.  ■„  pr.svnt- 
;,v^m.u-::t>  -1,  M,|,i...,-l  of  llu-  l.v.l.oiluT.nal  l!,.-rv.  llu-  a 
,.l,;,,-,-u;,-r  oi  tlK-  nulu.l.-.l  iia-^MU-nl-  mil;-^.-m^  nultiMons 
imni^ion  ra;lK-r  than  luuK-i  ■•!  uiin-,.la.a-.l  n  ■>  k  llu-  aln 
c.,M,-n.a-.  vn-nu.-.ll.v  l),,k-onaiu|o:lu-:-.oi  M-!nU!~..i  M,I 
M-aniiLU  nichiMnl  i-ia-^uimi-  oi  i^.k^  aii.l  iK-iiciraimu  n 
>U,„;,l;,-  u-nM  Ik-  ,xi.i-.-ol  ff'in  -ulplii.K-  intiai--.oii  a^  ^ 
,,,„„  l,v,lr..-l,rnnal  a;-|,..ii  ^.  that  tlu-  pv  .i,,.-,-.!  hvi.oihi-^i 
l,,,u-,  tho-c  uatuR-  a.h.uatol  t'T  'h.-  in  ,li . -lu-nnal  0,:^; 
.•iiilau-iiii-iK'  to  ihr  -ci^fci^alioti   llu-"r_\. 

•|1,^.  ,vinark;il.li-  iia-hia-^  "f  :]h-  iioiilc  miip  aiii.linL;  the 

,,,,.,,1  l,v  l;aii  .u.  WalkiT.  (■..U-liiaii.   ILuc.  Tohnaii  ar,.i   1 

;,ii,l  o:1kt-'''     'Ihi-  u-atmv  iiia\  U-  iL-a.lily  iiiMli-r,-to..,l  if 

1,0  con-.K-u-.l  a>  an  ■,nini^i..n  hr,!  i-  11.. '   n-a.hly  cNi.laiia-i 

,1,0  o:a->  wc'c-  1  -nnol  l.y  moan-  ..f  hv.jr.  .tlu-rmal  a-c-iuu-~. 

C.Ionian    po;,,,^   ..nt,    llu-    Mi-a-piihU-   hs  i.cr>ihi-ni-    uoul.l 

.■uaninl.    10    alti-ralion.       Whik-    in    many    pkui-.    hs'lr-.t 

altnalion  of  iln-  nonu-  1^  alnio-i  ontivdy  ah-i-nt.  -o.vc  i-lli 

is  shoun  h\   till-  altoi-aiion  of  ilu-  p\roxoiR-  in  ino,t  iiari- 

,l,.tri>i.  pa'iiirnlaiiv   in   tlu-  o|i\i-!    (K-i-o^iN.      A-  con.pa. 

tin-    nnnc-r^allv     u  i.k-i'ta-^"l    roik    altcfation    aa-on-panyi 

,U.po-.ii-   of    nn.nu-^'ional.K-    h\  aro.luTnial    oviL^in.   houc-, 

|,;uunv  of  -nni  ahcvaiion  in  the  Sn.lhniy  (k-po-ii.  la-ndci- 

,-,,„lt  ■;,,  ;ua-pi  a  hv.l.oiliL-nnal  on^in  to  acomnt    t'of  aV 


AK,,  ilouo''  an.l  Tohnan  an.l  Ro-rr-""  -how  that  tlu 
is  later  than  tlu-  formation  of  tlu-  -nip 


'■    /.  .(    /   .1/.  /   ,  \"1.  ,W.  1'   ?'i.  '■''■'■ 

<  1 1  'p   ,  I'. 

"■■■  (}p.  nl..  y.   -1,1- 


M  l,,\!.l  I  li    I'I'li 


/■/,/'(is7/>.  ^'  /■/•'  '■  1  •  ""^  ' 
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■  Ic-  arc  lii'^t 
that  .>rc  lire- 
1  al.'ii'^'  -bear 
,  arc  ii"l  iN- 
)ri'M'iil->  tlK"'t' 
till-  an'^tilar 
ii^imis  l)y  an 
riu-  aliiiiiclaiu 
-  I  if  -tiliiliiik"^ 
uiiiu;  luim-ral 
.111  a^  well  a-> 
|i..tlH'>i>  r.iiii- 
lal  '  'ii,L;in  aii'l 

Iiiil;  tlu-  ''rt--  i^ 
1  ar,ii  Ivivji'i'^. 

n.n\    if    till-   t'lC 

^lilaiia'<l  if  all 
i'iiiii->.  I'  If,  a-. 

\\..uM  Mtrcly 
liNtli-Mtlicnnal 
v'x-  i-li'cit  "f  It 
^t  iiarl-  'pf  tlic 
.  .ii,i)a.  .  ui'.li 
ji'paiiNini;    iTc 

h.iwi'v  (.■!•,  tlie 
ri'iii!LT-<  it  ilii- 

f..!-  all  'if  the 

Iiat  the  liydro- 

llC    Mlljllli'lfi. 


Mill  ail  .llii-r  l>"ii't  that  mi:;-i-;-^  an  i-nc 


,11-  .iii;;'!!  I'  r  ni' 


111    Ilfl-ll-U'Ili  V 


li\.|i..llKMinal  "IH-  1- 


till-  ali-i'iu'c  "I  till' 


innii'iaU    thai     n-nallv 


aii'iiniiaii)     li>' 


h. .'lu'inial    "IV- 


Witli  an  il;ih.  ill-  '■iii;in  I'w  ■■nl\  L;aii';.U'  t. 
I   ■>  k  acfliiliaii)  ;ii'^'  llic  Mlli'lni 


In-   iXjli 


W'lllil    111 


niai'ina  -n' 


!■    IS  i-   I'ptri' 


1  in 


rciilarcnunt 


t    ..f    fik    -iluati'-    l>y    -niiiiiu 


li--    1-    -If  'n,:;iy 


il  1a  I  )uk-"n.  ji'liiiaii  ami  Iv^ucr- 


,11,1  t  aniitlK-ll  anil  KiU'jlU 


ia\"r  "I  liMlr^tlnrmal  a,L;i-iu  ir-. 


WalkiT,    ami    (  .■k-inaii 


(  )n  tlu-  oIIkt  liaiul.  I  I"\vi 
U 


liml   littli-  f\i'lrini'   "I    rt'l 


I  hi'  v.iUci  ^  (.•\aiiiinati 


t,,.ii  1,\    mean-  "I   'Inn   -w;vn  an 


■I'.-iu'l   -I'ci'inii'ii-   imlu'a 


tc.l 


a   sir\    nnn' 


■  r  ani'Min;   "i    roi'laii'- 


ili|n.'ar-  I' '  Ik." 


:iu'  nia-  mat  i- 


11,  .t  a  iL'-nlt  ,■! 


M       I  iHTi'  tini-  aiiin.'. 

.,,,'.„, .nK'ntan.l..'li»T-n-ilialli..-iv|.laa. Hill' I.  kUmIu  ate-. 

•r:  ,,1,-iTviMl  nmliT  tlu-  uwv--o<\<c  lu-  in-iana-  in  wliuli  I'Mck 
.■:,,i'.-  ui-iv  cnilKuol  l,y  -nlplmk-  -inular  t,,  tlu-  mil.aMncnt 
.,,  ,,,„„i„,i,lv  ..l.-.rxol   111  c|nart/  i.lu-n,  ar> -i-   ni  a  ■.■raintf  p-r- 

■  :v      WlulluT  llii-  i-iiilia>!n.-iit  i-  dnc  {■•  ii- .ri-ti. 'H  .  .r  \\\<\:hx 
■,-t  i-  .hlliaiU  t-  dclcriuiiu'.  I.nt  ulian-vcr  ilii-  pinic-  m  detail 

■  -  a-iiain  lix'  finl.aMiu'nt  ..,■  n-^"V\>U^'U  ni  ,|iiari/.  ,,lu'n.  .<i  > -t-  is 
•   aunuMc  iilK-n-nun-n  and  ii' 4  a  ni-laccnk-iit  l.roti^;ht  al.-nt  l.y 

..■,r,:iai!alin-  v.luti,.n-.      it  ina>   W-  ihM  nni>h  nf  that  ulii.h 
.  .alU'd  iTiilaa'DK'nt  nf  ilio  n-nie  !>>  -iill'lndc-  ha-  been  l.r..nu;ht 
,!„,„•.  b\   a  -miliar  i-r-iL—  and  lurd  m  .1  be  altributed  tn  liydiM- 
■/  .viiial   -  liiti-n-.      It   i-  o.iu-eivable  iliat   ll'.c  siili>hide  mai;ina 
V   ih  it,  s'Mall  aim>nnt  nf  rmk  iiiai,'ina  I'mild  cnrmde  ur  replaeu 
■h.  ,-,Hk  -iluate-  l;i^in-  ri-e  u.  much  'he  same  effect  i,r..d„red 
■,■,  hNdp.thenual  -nhitmn-.     It  i-  udl  kimwn  that  in  smelter  prac- 
•■..e'ninhen   in.atte,   nm-tly    -uli-hide-,    readily   e..rr<^<!es   siiieentis 
,,i;d  b.a-ie  lining-  nf  eniuertev-.     'Inhnan  and   Rni^er-,'"    li.^lnlv 
.l:-,in-  o.rm-inn  a-  a  pn-ibiliiy  l.eTan-e  they  emiMder  it  "  shnuki 
,,r,.,l,u'e  inetallu-  -iluate-  by  reaet-n  "  and  '•  im  such  metal-bearin- 
-la-  is  f,,nnd.  .and  the  a:4eiu-\    that  bmnuht  in  the  stilpbi-le-  re- 
:n..>.ed  tlu-  di-nUed  >iheate-.  .all  nf  uliu-h  imlieatcs  aetive  mm- 
erali/er-.-      It  -eein-  nmre  pmb.-ible  if  a  metal-bearin-  ~la-  b.ad 
■■■■\    >;,..!>    .1    M.i^nulK-    SulrhhU-    llr>-."    I'uh     >taul,.r,l    Tniv..    p.    1>, 
I'll'i. 


.;/..;.v  .1;.  /■..'//  M.iX. 


i.,r;iu-.l  iha!  i'  w -nl'l  lia- r  liccii  ranir.l  al  m-  aiM  rcsii  'X^-'l 
lifa\iK  iliai-.-'I  -uli.hvK'  nia-nia.  I'  i~  -u.^j-olol  iliai  iIk 
c-m-c  ..r  ah-i'iie-c  -i  -n.h  a  ~!a-  u-iiLl  nri.ciKl  cntiri'Iy  u]: 
i-iindili.iil  of  llu'  inaniiia,  aii'l  ;  i'  ;iic  i '  iii'i:li' 'H-  '>m'I'<.:  :!'■  ■"<■ 
I  au-  a'lin-MmMit  '.lial  \\x  '.\v.r^\n:\  \\^■\\■  jn-l  ali.  au  to  S' 
uhcn  ilic  -la-  wa-  I'-vnuM.  a  ua.''-ii  riii  -1  iiinallic  s 
niii^li!  f-rm.  i.;!kt\\  i-i-  r.'i.  U  i'  al-..  !i-t  ii—-:liU'  l'i:it  ll 
pmUM  -iliiau'-  "1  till-  Ui<\-,\-  nia\  lia\f  ln'fii  aU-Mrln'.l  Ky  t 
lilii.lr  iiia-;iia  aii'l  o.:iilriu-.l  wiili  a  ]i.  .r!;-n  -i"  ;i-  ■v/aW 
f.  .nil  -  .iiu-  ..i'  ila-  in.lu-:..ii-  ■ 'V  -"laau--  111  I'lc  .  .vf  :  It  :■ 
1,,  tlir  unUT  ilia'  ..III-  kii..'.\K'i!u>-  "'  la-pla.aMiu-n;  ■  .r  i-..rr.  ■ 
Mlirau-  li\  a  lii'aMlv  c-liai-r.l  -u'l'lii.K-  nia-iua  i-  ni-nMu-i. 
>;u-li  a  ]i.  .--■!i:Ii'\  i.'l'i'  liL:li-l}  .l:-!ii:--i'l  ■  ■"  aro.nir  ..f  tiu'  ; 
ar.)  :iictal-lii'ar!ii--la-  m  :lu'  ■■'■c.  Siu'li  ab-riia'  w-ail'!  ii.'l 
>anlv  iniii-atf  iln'  ai-'i..ii  ..f  -.  .liiii' .11-. 

Tlu.  ai|\..rau.-  ..i'  a  li\  ilr.  iiln'nii.al  '.riL;;ii  l".:r,'  ..i"  tiial 
llu-  -iil|i!iali-  iivn-li.iii'.i-  i-  tlu'  •  ■hU-<  ami  i-  a.V  auA  -iirr 
l,v  |irn;ian.!ro  aii.l  cIiaK.  .].\  1 -.'.f  'Hit.-  la-l  IW"  ii;i^<.-  a  c 
ha]i:i,  1.11!  rlia!.-..]Anu.  i>  Iu-Ih'm'.!  l-  Li-  -li^li'lv  > .  .iiiii^^r  tl 
pciillaiidilu.  Tlii-  "nUr  .■!  -luaa'-i.  .11  ..I  -uIi.Ik.'c-  1-  a. 
in  -11],]... ri  ..1"  .K.i;..-;ii..ii  li\  -.  .hi:;. 'H-.  '1  lu'  iiiiiu-ra:-  ..|  a 
,Ka-iii-  ill  a  -iir.a.--i\i'  ..r.lcr  ..f  f.  .niia' ;• 'ii.  luu  inai  .In'-  ii' 
-iiav-nc  .K'p..-iti..!i  l.\  -..lir;..i>.  '\h^  -iili.lii.k-  iii:ni-i. 
1„-  ,-.  .i!-aKia-.l  .a  :iia.-;iiia  ,  ,\  (.tI.  la.l..'.!  wilIi  -iilpli'.K'-.  aii.l 
]>v  fXiH'.-U.l  llKi!  it-  -..lalilira;;..:!  \\><u\<\  -Imw  a  ve-ula 
-iiii'lar  '■'  llic  iniiirral-  ..."  any  r.  .fk  A;- >  m  i!i:-  ^'"' 
11. .wi-  -ii'^-i'-'.-  tliai  'Ik-  .ivJcr  ■■\\..iiM  -i-ciii  L.  Ik-  livi 
iila-iU'.l  li\  ihv  w.\y\\  -;iinillanf.  .11-  (■....tin--  •■\  liu'  .lUUT 
iilii.'.o-  llial  lia.l  prc.\i..ii-ly  -cparato.!  a-  .li--iiu-t  iiniK.i 
l„,nn.l-.  11.  .n  iiii-ciliU-.  ili..n-!i  -lill  111.  .lu'ii."  In  tlii-  way 
1,,  (Tv-ialli/i-  \\..iiM  i>e.iK'!i-aie  \\w  carlior  -nliiln.li- 

Tlui-  iiiaiiv  ..f  tlic  aru;iinu'iii-  a.Uaiua-.l  I.,  -iipii.  .11  tlii. 
llu'iiiial  ;Ir...v\  -ui.-'L.aiiliatc  ll..\\(..'-  pan  ..f  ;!h'  pi'M''  "^''1 
o-i-  viiialh  w'/il.  aii.l  ..ilicr  ..I  llu-  ar^uiinirn;  -  arc  (.xplainci 
hv  iMiliiT  tlu'.  .ry.  ('iTiaiii  U'ainn-,  li,.\\o'>ci-,  -ucli  a- 
cniTi-iua-  ..f  !\iiua!i\-  aiiiR'  iw  niiin.Tal-  a-  lalcitu,  sc 
.|uan/.  iiiaria-iic.  .galena,  an.l  ..'1rt>.  an. I  'lio  altcraM.'i 


u* 


SmflK 


.u.((,  ujy /(   oKii  nijoyiTs.  SI  i>!iri<y,  o.vy. 
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iii"\i.-a  by  tnc 

in  Mirh  i!i-!i- 
t    t.i    -  ilidil'v 


tiilhi-  M 


icatcs 


that  ilic  cnr- 

.1  !iy  ;lu'  ~nl- 
-   ii'iiu-rial   t'l 


1  '  •v. 


•n  Mt 


ii-n!ti.;ciu   I"!' 
.f  l!u'  ah-fiK-i' 


11  iiiat  anb'iii. 
\A  -.HIT' itniik'i 


,  <.■  a  !•■  .nimMii 


t'l 


iii-i-r  ;lian  iiif 
•>  >  aih  anci'il 
I-  '  'l'  a  i;ra:iitc 
1'  n'-  11'  >t  i;niil>' 
iiiMai^ii'ii  may 
-.  au'l  it  !■-  t'l 

ri-.miiar  "T'lcr 
Ir,-    c'lincrti"!! 

1n'  i)i.tUT  ON- 
•  ilillVrnit   -r.l- 

iiiincial  C"'.ii-- 
•-  \\a\   the  last 


...It  \\w  liytlro- 
.]).  ^fil  hypoth- 
;ilaim'il  rcaih.ly 
ich  a-i  the  iic- 
•itc,  scfMiiilary 
tcra'ioii  "I   the 


I 


•  \eiie.  are  ( 


learl 


\    iiiihraii\r  iir   In  ilr"tlien!Kil  "nL;in. 


Th 


•ll'e.-t-    are    atM'ihiileil    t"    the    filial    ■ 'r    liwh''    iieiiiial    ]iha-e    "I 
.Kiierah/aii'.u  a-   in.haaie'l   :ii   ilie  ]ii' '|"  .-eil  ii\  ]! 'lhe^i~.      While 
l:e:r  w  i'le-j.ri  a.l  etVeel  ;-  ree.  .-ni/ol.  ahiiii'laii;  jir-'hu':  >  ..f  h\.!v.) 
!:eriiial    ile]i' .-ili'.ii    am!    aherati"n   are   t'.   he    l'.  iiiiiil   "iily    in    the 
'iV-ei   iie]ii,-it~.  ii.'lahK    tin-   \\'"rihiiiL:l' '11    .\Iiik\      'I'lie   \sn:er  he 


mat   "iil\    a   liiili"r   iiart    "t    tl 

,1 


■re   li'^ne-   lia-   lieen   e"ii- 


nnle-l   li\    the  liMlr.'Ihemial  .-'hui"n-.  anil   tliat   tlieir   W'.rk   lia> 

iuni;^r  altera- 


iieeii  c  liieily  an  niiei|nal  |)eriiieaii"n 

T'  '11 :  i!ie  C'  'iiiriluii:'  m  t'  ■  eenain 


't  the  r"i  k  pr.'d 


ihe  ..ll-et  ile|i"-i;-  '  't  the 


mi- 


■nini'iii  aiiil  nnupieal  ;a|iie"n--  innieval^:  jir.'liahix  an  eiiiieh- 
Mieiil  "i  -..me  "f  the  ..ft'-et  .le]i..-i'-.  in  e..|)]ier  an.!  the  |ireei..n.- 
nie'aN.  aiiil  the  rean'an;^enien!  "f  -..me  "l'  ihe  ]ire\ ;.  .n-ly   I.irmeil 


-nlpiii'le-.  ^lk■ 


h  ,a-  ha-  1 


leeii  ineii'i'  .ne.i  h\   in 


1  h 


ii'i  e-tiLjat.  .r- 


The  rea-'.ii-  \\!i\  h\  ilr.  .ihei'inal  ]ir'.i-e--e-  are  limileij  I.i  ilie 
,ui'\i'  lealnre-  aiiil  are  imt  e.  .nelmleil  I"  ace.innl  h  .r  all  ..f  the 
''e|i''-:i-  ha\e  alre.iiK  heen  e.  .n-iilere'l.  it  nia\'  he  -eeii  tii.at 
iiyili"' .'hernial  nimerah/.'iii' .n  ..i"  thi-  na'nre  -n|ienm]i.  .-e.l  ii|i'.n 
lire'.  1.  .11-1  \     f'.rnieil    ..re-    \\..nlil    i-'.ni'n-e    eliaraen  ri-tie-    ..f    the 


!'e\:'.ii-   iii"ee--i'-.    ami    ,a    -iiMv    ..l    tli.'-e 


aee-    ni'.-'    all\\te<l 


'ii.ii  '^:\e  ri-e  t"  Ine  nil]. re--     n  that  .all  "I   the  ..re-  na\e  hi'en 

'1  he  li\  ill .  .thermal  .  .ri^ni  .  .f 


'inieil  i)v  n\  .|r.  .!ik'i"iiial  ;iL:eiKii--. 


I  .e 


■-iiilhiirx  .  .re-  h 


I-  ;iKaineil  in  ihe  li'eranire  a  ii..-iti..n  liardK 


iii-tilie.l.  I.eean-e  .  .h-eiA  a:  i.  .n-  aiitaL;' iin-iie  t'.  the  sei^rei^'ati.  .n 
':\  ]!' .ihe-i-  have  heen  a|)|ilieil  ;\-  e. 'in  iiiein:,'  .arguments  in  -n|i]i'.rt 
"I  il  a-  a  -iiiLjle  W'.rkniL;  h\i>..the-i-  when  the\'  are  eajiahle  •>{ 
n;  'I'e  tliaii  .  .ne  il 
Ii\  ]!'  'tlie-e>. 


r.er]ireiati"n    it    applied    t'.    mnliiple    \\..rkiii.!; 


A 


rt\ie\\  ..f  the  literature  indieates  tli.at  the  ..ri-iii  ..f  the  Slid 


III;  \   Ilie-  i-  a  e- .lUr.  i\  er-ial  (niesti..n  that  i-  hy  ii..  mean-  >eli!ed 


a-   \  e! .      (  )iie  -eh. 


d  (it  t^e.il. 


,n-!-  a<l\-.  .e;i!e-  an  uriLiin  li\    ma;. 


niiMe  -( ;.'re;^ali.  Ill  whereby  -nliHiide-  lia\e  >elt'ei|  b\-  iL;ra\itv  tn 
the  h..ii.ini  i.f  the  inini-i\e  -lieet  of  n.iiite  anil  e.illeeted  in 
ia\i  .rabh.'  plaee-  t..  i'.  .rm  ..re  l)i.ilie<;  armther  -eh'.nl  aiKejeate- 
.Ml  I'ri^in  b\    ine.an-  ..f  in  dr.  .thermal  a^eiieie-,      A  m  niiticatinn 


4- 


.iL.ix  M.  n.in.M.ix. 


Ill  tile  iiiaL;iiia!ir  tlkniy  lia^  \k\-\\  ail\  aiiciil  \i>  i-x|ilaiii  tlic  "Tv- 
li\  ihllfrcniiatiiiTi  in  tlif  iiiaL;:iiaiir  rf-er\  i  lir  liclnw  and  nitni^i'iii 
in  till'  i'  ■Ml  I  if  nil  .lien  -nliihiilc-.  A  niDiIiliraii.  ui  of  the  livdro- 
ilii-rinal  ii'ii.r\  wnuM  annuiii  {''V  tin-  nit-s  a-  iiaviiiLj  hci-n  iiitro- 
ilncdl  at  a  late-  nia-maiic  -iaL;c  a-  ;i  i\'-iilt  ..f  ininiTalizini^'  snlu- 
tiiii-  wiilmm  tlic  funnaiiiiii  nf  -i-ci  .mlaiy  -ilica!(_'~.  i'lan-ihlc 
ami  CDiu  inciiit;  ar^iiiiu'iu-  {•')■  all  ni'  ilic-c  li\  ]im1!k'-l  r.\\:  iu\- 
\aiu-cil.  yt'l  iii>  iiiR'  tlifiiry  will  i.-\]ilaiii  aik-ipiaiuK  all  nf  the 
I'liM-r^c'l  pliciiiinK-na.  iinr  will  i;  imM  au;aiii-t  ^miif  >>{  tlio  antat;ii- 
iii-lic  ar,L;nnkiir-.  nf  ilio  nilicr-.  it  lia>  a|)i)caiT(I  to  the  writer 
iri'iii  \\>  ili~(n--ioii  of  liic  (liiTcri'iU  \;^.■\v^  that  the  Siiillnir\ 
lilR'iiiinicnrt  (aniioi  ho  aci  ■  iiinti'il  f,  ,r  li\  aii\-  ^iiii^lc  In  p.  iilie-i<. 
hut  <'aii  hf  r\;)laiiiccl  rt-aijily  hy  an  h\  ]!■  ithc-i^  ■  f  i)ro,L,ai-.-i\  c-  niin- 
(.■raji/ain  m  uhiih  i-iiihracr-  part-  i  'f  ail  •  if  ;hc  pr<.-\  ii  ni>K  aii\aiK-('il 
liypiitlifsi-.  Hi'  iluTcf.irc  aiUaiu-f-  the  h\potlic-is  that  the  Stid- 
hnry  dcp>i-:lN  were  lonnrd  in  iniiinr  part  h\  inaLjnialii.-  >fu;rc'iia- 
!mm  in  •'itii  fr.  iiii  the  iiirkel  iiiipti\c.  therein  ace.  iiintir.u;-  for  the 
]i\  rrhiitiie_niiriie  and  snine  -f  the  iiiari;inal  ore:  in  threaten  part 
hy  an  inirn-ion  ■>{  nia^nia  i  .\  ereharL;ed  with  Milphide>  formed 
hy  dilterentiatMii  in  the  iiia^^matie  re-ervnir  heiiealli,  therehv 
aeeiiuiUiii,!,'  for  the  ,L;reater  part  of  the  main  iiiari;inrd  hodie-  and 
the  o(t-e!  depo-.ii~:  in  niiimr  part  hy  h\  dr.  ithernial  solutions  that 
iirenlaled  a-  an  after  elTeet  nf  the  iiili  ii-ii 'ii-  and  prodiu'ed  the 
liydrotherinal  alteratinn  of  tlie  n  .rk  die  later  rearrangement  of 
the  iiiiiierals  am!  the  depo-itinn  of  the  ixjiiealK-  ai|iieiitis  min- 
eraK  -neh  a<  oceur  nutiMy  in  the  W'l  irthm-ti  m  mine. 

llii^  !iy])ii|he-i-  I-,  proposed  wiili  iiii  iie  -eriirit\.  -iiice  i* 
doe-  tint  eiiiilliet  with  ol)ser\i'il  e\iilenee  and  Iiarnioiii/'e-  nian\- 
iif  tliii-e  ei'iillietiiiLr  arij-iiments  ad\aneed  for  -in^le  h\]Mitheses 
wlneh  ha\e  lieimne  controversial  points  aiiinni,'-  advocates  of 
I  ither  hyp'  'the^e- 


^^i-i^^ir^^^i^m,    ^:^ 


